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ABSTRACT 


This second article deals with the cytological investigation of species hybrids 
within Saccharum, obtained as the result of cross breeding during a period of about 
half a century. The investigation was principally performed in the years 1920 to 1926. 

As already mentioned in the first article in respect of Kassoer, canes of the first 
nobilisation have an increased chromosome number amounting to 2 n — 136. Canes 
of the second nobilisation, that means Kassoer once back-crossed with noble sugar 
cane, possess the highest level in chromosome number of 2n — about 150. In canes of 
the third, fourth and third x fourth nobilisation the chromosome numbers range 
between 2n — about 100 and about 130. Roughly spoken it may be said that these 
canes could be compared with “triploids”’ in relation to “‘diploid”’ sugar cane with 2n 
— 80 chromosomes. In relation to the chromosome number the author measured 
sizes of nuclei of pollen mother cells, sizes of pollen-grains, stomata and hinge cells 
in leaf blades of Saccharum forms in the years 1920-1928. It was found that these sizes 
were about proportional to the chromosome number. 

The author asked himself in 1925 whether more robust sugar cane clones could arise 
by further increase of chromosome number. In that year he planned therefore a 
crossing program for sugar cane‚ intending to induce a higher level of polyploidy. 
This polyploidy breeding will be described in Part II. 


INTRODUCTION 


In 1937 and 1938 BLAKESLEE and AVERY, NEBEL and RUTTLE published for the first 
time their experiments on chromosome doubling with the aid of colchicine. This has 
been the impulse to colchicine treatment of agricultural plants, since those years so 
frequently applied. 
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From 1893 onwards, however, only by crossing, increase in chromosome number 
in Saccharum had been obtained in a very large number of cases. 

As already mentioned in the first part of the author’s communication in Euphytica, 
WAKKER crossed in that year noble sugar cane with Kassoer resulting in hybrids 
with increased chromosome number. KoBus obtained the same kind of results in 
1897 by crossing noble cane with the Indian Chunnee. In cytological respect, however, 
they were quite inconcious of what they did. The increase in chromosome number 
appeared from the author’s investigations in the twenties of this century. 

In Part IT a survey has been given on the cytological investigations of the cane 
varieties that formed the basis of cane breeding in Java (7). To these canes belongs 
Kassoer, a spontaneous hybrid between noble sugar cane‚ Saccharum officinarum 
(n — 40) and the wild glagah of Java, Saccharum spontaneum (n — 56). Kassoer and 
also the species hybrids between noble sugar cane and glagah obtained by crossing 
were studied cytologically by BREMER in 1920 (1,2). The result was the establishment 
of a somatic chromosome number of 136 — 40 + 40 + 56, and not 9% — 40 + 56, 
which was expected. 

Therefore the hybridization was accompanied with an sncrease of 40 chromosomes, 
the haploid number of Saccharum. The most simple explanation would be that 
unreduced egg-cells of S. officinarum had been fertilized, but, as already mentioned in 
Part 1, this is not the case since the seedlings showed a variation in characters that 
only could be ascribed to segregation of genes of S. officinarum. 

In addition other instances of increase in chromosome number were mentioned. 
Crosses of noble cane with S. spontaneum of North Celebes (n — 40) gave hybrids 
with 40 + 40 + 40 — 120 chromosomes. Original canes of the Philippines, Toledo 
cane and Hinds special showed the external characteristics of hybrids between 
S. officinarum and S. spontaneum. They appeared to have 120 chromosomes, twice 
40 chromosomes of the female parent, noble sugar cane‚ plus once 40 chromosomes 
of the “talahib” of the Philippines. The Indian commercial cane Co. 205 according 
to Durr and RAO appeared to have 2n — 112, 2 x 40 of the noble cane Vellai + 32 
of the S. spontaneum Coimbatore. 

It was already mentioned in Part I that hybridization between S. officinarum and 
S. spontaneum for the sake of convenience was called “the first nobilisation of S. 
spontaneum’”’. From twice back-crossing the F, species hybrid with S. officinarum, 
noble sugar cane‚ valuable commercial cane clones were obtained at the Java Sugar 
Experiment Station. These two backcrosses were indicated with “second and third 
nobilisation of S. spontaneum’”’. 


SUGAR CANE BREEDING FROM A GENETICAL VIEW-POINT 


Before giving a survey on the cytology of these back-crosses, however, we must 
go somewhat further into the chromosome configurations of the original parents and 
the F, hybrids. 

In S. spontaneum a complete pairing occurs during meiosis. This was found in Java 
glagah (2n — 112) as well as in S. spontaneum of North Celebes (2n — 80). Also the 
hybrids obtained by crossing of these two forms showed exactly 48 bivalents. 

In S. officinarum (2n — 80) meiosis may be regular, so that generative cells with 
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40 chromosomes are formed. Rather frequently; however, a varying number of 
chromosomes fails to pair (3). Then the univalents mostly split longitudinally in 
anaphase 1, leading to pollen-grains and egg-cells with aberrant chromosome numbers 
or to degeneration of generative cells!). 

It is evident that in intraspecific crosses of S. officinarum especially the gametes 
with n — 40 chromosomes give rise to viable zygotes. All S. officinarum clones 
examined by BREMER showed 2n — 80 chromosomes. S. PRICE (9), who recently 
studied extensive unselected material, concludes that “‘of 94 individuals from intra- 
specific crosses with S. officinarum (n — 40), 93 had 80 chromosomes (n + n) and 
one (with 2n — 79) was an aneuploid of the n + n type”. Though the present author is 
somewhat sceptical about the exact fixation of the chromosome number 80 within 
93 cases, there is no doubt that, practically spoken, only the true n + n type of zygote 
is viable in S. offtcinarum. 

It was BREMER's experience (4) of the years 1920-1930 that in crosses of S. offici- 
narum X S. spontaneum exactly 2 x 40 sugar cane chromosomes are involved, which 
come together with the haploid number of the S. spontaneum form used. PRICE mentions 
to have studied 183 individuals of such hybrids. Here S. spontaneum forms with n — 
32, 40, 56 and 64 chromosomes were used as male plants in the crosses. According 
to him 181 were true 2n + n combinations; one plant was an n + n combination 
and one aneuploid plant was present showing 130 instead of 136 chromosomes. 
This extreme rarity of aneuploid plants in these intraspecific and interspecific 
crosses of S. officinarum points to a very strong balance in this species for euploid. 
 chromosome combinations. 

This balance is no more present in the F‚-hybrids S. officinarum + S. spontaneum. 
All hybrids between noble sugar cane (n — 40) and glagah of Java (n — 56) have 
exactly 40 + 40 + 56 — 136 chromosomes. As mentioned in Part IT meiosis in these 
hybrids between species with different chromosome number appeared to be sur- 
prisingly regular. In hybrids obtained from crosses the number of bivalents varied 
between 62 tot 66. This means that only 12 to 4 univalents were present. In Kassoer 
cane the number of univalents appeared to be somewhat higher. Here 8 to 20 univalents 
were stated. 

The regular occurrence of a small number of univalent chromosomes makes that 
pollen-grains and egg-cells with exactly 68 chromosomes will be formed rarely. The 
high self-fertility, frequently present in these species hybrids points to the fact that 
very many gametes with chromosome numbers deviating somewhat from 68 must be 
fertile. As example may be stated that in one case from one inflorescence with about 
20,000 flowers ca. 11,000 F,-seedlings were obtained. 

Also from countings of chromosome numbers within F,-individuals (4) it appeared 
to BREMER that there is no question of a constancy in chromosome number. The 
chromosome number of 10 F‚-plants varied between 2n — 126 and 2n — 137. In 
type the F‚-individuals show about the same intermediate appearance between the 
original parents as the F‚-plants do. Frequently individuals from selfings, however, 
are less vigorous than the F‚-clones. 


1) In times of drought and heat meiosis in S. officinarum may be disturbed in such a way that chro- 
mosome pairing in PMC’s almost fails and no pollen tetrads are formed. This leads to total sterility 
of the whole tassel. 
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In the years between 1921 and 1926 the author studied canes belonging to the second 
and third nobilisation, the F‚-hybrid between S. officinarum and S. spontaneum once 
or twice back-crossed with S. officinarum (4). As mentioned in Part I it was especially 
WILBRINK in 1911 who crossed the sugar canes Striped Preanger, Black Cheribon and 
100 P.O.J. with Kassoer. The cross Black Cheribon Xx Kassoer, however, also was 
made at the sugar factory Tjepiring from which the canes Tjepiring 24 and 136 
originated. Somewhat later crosses were made at the Experiment Station between 
noble canes and self-made hybrids between noble canes and glagah. In all these 
crosses of the second nobilisation the noble cane which was sterile on the male side 
was used as female parent in the cross. 

Here are the results of the cytological investigation of 5 clones: 


TABLE 1. CHROMOSOME NUMBERS OF 5 HYBRIDS OF THE CROSS Saccharum officinarum Xx (S. officina- 
rum X S. spontaneum) 


| 
Clone Cross 2n 
1807 P.O.J. StrpedhPreangsen AKAssoe ER ca. 148 = 2 X 40 + 68 
DODO BlacksCherbonm AKASsocr 146 = 2 X 40 + 66 
Tjepiring 136 BlaciktCheribonw Kassos: 150 = 2 Xx 40 + 70 
2858 P.O.J. Lahaina X (Str. Preanger X Glagah) .... 145 = 2 XxX 40 + 65 
P 1206 | Black Cheribon x (Str. Preanger X Glagah) . VSR AOENTD 


It appears from these extremely high chromosome numbers that chromosome 
doubling on the side of the female parent, S. officinarum, also takes place during the 
second nobilisation, so that 2 x 40 chromosomes of S. officinarum come together 


136 
with zn ca. 68 chromosomes of the F‚-hybrid. 


When in these crosses no chromosome doubling of S. officinarum would have taken 
place, F‚-plants would have arisen with 2n — 40 + 56 chromosomes, having a haploid 
number of about 48. From the first back-cross with S. officinarum plants would have 
resulted with 2n — 40 + 48 — about 88 chromosomes. About 60 of the 88 chromo- 
somes would have been S. officinarum chromosomes and the other 28 chromosomes 
of S. spontaneum. 

The result, really obtained, was that from the first nobilisation plants arose with 
40 —+ 40 officinarum chromosomes —+ 56 spontaneum chromosomes, giving pollen- 
grains with about 40 officinarum chromosomes + 28 spontaneum chromosomes. 
During the second nobilisation such pollen-grains fertilize egg-cells of noble sugar 
cane. Hybrids are formed with 40 + 40 + 40 officinarum chromosomes + 28 sponta- 
neum. In comparison with the chromosome number that should be present if there 
were no question of chromosome increase, these hybrids have an increase of 60 
officinarum-chromosomes. This result must have been obtained quite unknowingly 
by WAKKER when he crossed noble sugar cane with Kassoer. It was therefore that the 
author, at the beginning of this article, compared modern colchicine treatment with 
interspecific crossing in Saccharum. 


Canes of the second nobilisation were also obtained by WILBRINK from crosses 
between 100 P.O.J. and Kassoer. 100 P.O.J. (2n — 89) is derived from the cross 
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Bandjarmasin hitam (2n — 80) x Loethers (2n — 99). Loethers is a cane of unknown 
‚origin. Besides S. officinarum possibly it may have S. sinense (2n — ca. 118) as one of 
its ancestors. 

Therefore 100 P.O.J., strictly spoken, is no. S. officinarum. Both Loethers and 100 
P.O.J. are unbalanced hybrids, forming fertile generative cells with different chromo- 
some numbers. When these canes as female parents are crossed with S. spontaneum 
also chromosome doubling is found in the canes of the first nobilisation, but the 
individuals arisen from one cross don’t possess the same chromosome number in 
contrary to individuals from the cross of true S. officinarum Xx S. spontaneum. Of 
two individuals of the cross 100 P.O.J. x glagah, one showed 140 chromosomes — 42 + 
42 + 56, the other 144 chromosomes — 44 + 44 + 56. 

Three clones of the second nobilisation 100 P.O.J. x Kassoer were investigated. 
2323 P.O.J. showed 2n — 150-152, 2354 P.O.J. 2n — 157 and 2364 P.O.J., the mother 
cane of 2878 P.O.J., showed 2n — 148 chromosomes in its anaphase 1. Since both 
‚parents, 100 P.O.J. and Kassoer, are unbalanced hybrids, the differences in chromo- 
some number of the descendants of the cross may originate from both parents. 


Fis. 1. Fis. 2. 
2364 P.O.J. 2N — 148 CHROMOSOMES X 2400 2878 P.O.J. 2N — 119 CHROMOSOMES X 2400 


Within all canes of the second nobilisation, a varying number of univalents could 
be found during meiosis 1. Within Tjepiring 136 (2n — 150) an anaphase stage was 
found with only 6 univalents. This means that 72 pairs were present. Sometimes, 
however, the number of univalents was much larger. Especially 2364 P.O.J. showed a 
rather irregular meiosis with 16 to 28 univalents. 

Another notable result of the second nobilisation is the following. While the number 
of officinarum chromosomes in the second nobilisation is increased to about 120, the 
number of spontaneum chromosomes is decreased to 28. Meiosis within the plants of 
the second nobilisation reduces the number of S. officinarum chromosomes to 60, 
still one and a half times the haploid number of the noble sugar cane; however the 
S. spontaneum chromosomes are reduced to 14 in number. In Part 1 the author 
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supposed that the haploid set of 56 chromosomes within S. spontaneum would consist 
of eight genomes as follows: 6 + 6 + 6 + 6 + 8 + 8 +8 +8. It might be asked 
whether the above mentioned 14 S. spontaneum chromosomes in the generative cells 
of the back-cross S. officinarum X (S. officinarum X S. spontaneum) will consist of 
one genome of 6 chromosomes + one genome of 8 chromosomes or may be composed 
of pieces of genomes. 


Most of the plants belonging to the second S. spontaneum nobilisation are fertile 
only on the female side. Therefore, in the crosses of the third nobilisation (that means 
the hybrids S. officinarum x S. spontaneum twice back-crossed with S. of ficinarum) 
generally the second nobilisation canes were used as females in the crosses and noble 
sugar cane varieties as males. Crossing was performed with clones of Cheribon x 
Kassoer as well as 100 P.O.J. x Kassoer. E.K. 28 was the best male parent; however, 
also Fidji, Batjan, Ardjuno, S.W. 3 and S.W. 111 were used. 

We will first deal with the cross 2364 P.O.J. Xx E‚K. 28. Several good seedlings were 
obtained from it. However, it must be well understood, that also within sowings 
obtained from good cross combinations many inferior plants were found. The selected 
clones were much more vigorous than the mother cane 2364 P.O.J., in which characters 
of the wild cane still are visible. Some of them surpassed the noble cane E‚K. 28 in 
vigour. Six clones got more general notoriety. Of them, 2714 P.O.J., 2722 P.O.J. and 
2725 P.O.J. originated from sowings of 1917. The clones 2875 P.O.J., 2878 P.O.J. and 
2883 P.O.J. were from 1921. All these canes are immune to sereh-disease. There is 
some difference in susceptibility against mosaic. 

Of the six clones 2878 P.O.J. is by far the best. It has rather thick stalks which are 
very long with long internodes. The sucrose content is high; the susceptibility to 
mosaic very low. 

2714 P.O.J. has totally sterile inflorences and never gave any seedlings. 2875 P.O.J. 
and 2883 P.O.J. are only fertile on the female side; 2878 P.O.J. shows a high fertility 
on both sides. 2722 P.O.J., 2725 P.O.J., 2875 P.O.J. and 2878 P.O.J. appeared to be 
good progenitors in several crosses; 2883 P.O.J. only produced very bad seedlings. 

For convenience the origin of these sugar cane clones of the third nobilisation is 
given in fig. 3, in which all chromosome numbers are mentioned. 

From this diagram it may be seen in the first place that all six clones of the third 
nobilisation have chromosome numbers more or less equal to the sum of the haploid 
numbers of the parents. There is no chromosome doubling within the male parent, 
the noble sugar cane. 

As mentioned above 2364 P.O.J. is an unbalanced hybrid, having a rather high 
but varying number of univalents in its meiosis 1. If meiosis had been regular, then 
sexual cells with 74 chromosomes would have been formed and plants of the third 
nobilisation would have to be expected with 74 + 40 — 114 chromosomes. The 
somatic numbers, really found, fluctuated around this number from 107 in 2725 
P.O.J. to 119 in 2878 P.OJ. 

2878 P.O.J. has a fairly regular meiosis in which some times only 4 to 5 univalents 
occur. It is highly fertile on the female and the male side. 2883 P.O.J. shows a very 
irregular meiotic division in which up to 40 univalents could be counted. In the fully 
sterile 2714 P.O.J. meiosis appeared to be almost totally disturbed. Sometimes a 


126 


BREEDING AND CYTOLOGY OF SUGAR CANE II 


small number of bivalents is formed. Frequently, however, asynapsis occurs in all 
chromosomes. Then it may happen that both the meiotic divisions are interrupted 
and that twice a restitution nucleus is formed with the result that from one PMC one 
pollengrain arises instead of four. 


S. officinarum __ S. spontaneum 
Clone Glagah 


Black 
S. officinarum __ Loethers Cheribon 
Clone (natural first 2n —= 80 Di UD 
Bandjarmasin species nobilisatien 
hitam hybrid from Enr40 ni==56 
unknown 
origin) 
2nt09 
2In=80 
| | 99 Kassoer 
n= 40 De In 1362405 
De ve d) | 
n= 68 
100 P.O.J. 
2n —= 89 De 
be 
en 
2 
second 
nobilisation 
en, An 136 S. officinarum 
dgn 1e + Clone E‚K.28 
2 D 
UN == id 
n == 40 
third si 
nobilisation 
DMA PEON == 
DID NKO N08 


DID VKO ze 07 
DST ON RE nti) 
2878 POJ. 2n—= 119 
2883 P.OJ. 2n—II5 


Fig. 3. DIAGRAM OF THE ORIGIN OF SUGAR CANE CLONES BELONGING TO THE THIRD 
Saccharum spontaneum NOBILISATION 


Similar chromosome numbers were found in hybrids of crosses between 2364 P.O.J. 
and Ardjuno, respectively S.W. 111. A deviating result was found within the clone 
2127 P.O.J., a cross between 2364 P.O.J. and Batjan cane. Here 2n — 134 chromo- 
somes were present, 20 chromosomes more than could be expected from the sum of 
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the haploid numbers 74 and 40 of the parents. The same kind of deviation ín chromo- 
some number was found in 4 less important clones, derived from crosses where the 
female parent was a cross of true S. officinarum x Kassoer and where different noble 
sugar canes were used as male parents. Here respectively 128, 130, 131 and 133 
chromosomes were found in stead of approx. 74 + 40 — approx. 114 chromosomes 
expected. This increase in chromosome number was mysterious in 1925 when it was 
established. Results of cytological investigation of some other crosses given below 
also showed the same kind of chromosome increase. In all these cases the chromosome 
increase found was distinct but lower than the haploid number of one of the parents. 
Research in later years, which will be described in Part IV, gave the explanation. Here 
it should be mentioned that the cause of this increase has to be sought on the side of 
the female parent. 

In the normal nobilisation scheme the second nobilisation is performed with noble 
cane as female in the cross. On a much smaller scale, however, second nobilisation 
crosses were made in reciprocal direction. The following cytological results were 
obtained: 


2765 P.O.J. = Kassoer EKZ hat NEE) 
2767 P.O.J. = Kassoer Xx E.K.2 2n = 134 
2784 P.O.J. = Kassoer TEN) 7 Mi == (EE 
2786 P.O.J. = Kassoer x Batjan 2n —= 144 
2789 P.O.J. = 2029 P.O.J. (seling Kassoer) Xx 247 B Inti l28 
Pal 258 — [ 1081 (Lahaina X glagah) x Bandjarmasin hitam 2n —= 124 
P 1238 HON 54 IDS Ins 


In all these cases the chromosome numbers are lower than those of the plants 
arisen from crosses in the normal direction, where the chromosome number 2n —= 
about 150. The numbers are distinctly higher, however, than the sum of the haploid 
numbers 68 + 40 — 108 of the parents. Like in some of the above given examples 
of the third nobilisation there must be a partial increase of the chromosomes of the 
female parents, which in these cases were plants of the first nobilisation. 


Canes of the third nobilisation were still back-crossed with noble sugar canes, 
resulting in formation of canes of the fourth glagah-nobilisation. These canes appeared 
to be more susceptible to diseases. The following chromosome numbers were found: 


2937 PB.O.J. =2722P.0.J. X E‚K.28 2n — ca. 100 


2940 P.O.J. = 2722 P.O.J. Xx BE.K.28 2n = 96 
2952 P.O.J. = 2722 P.OJ. x S.W.499 2n = 96 
M 1274 — 2122 POJ. ES.W3 2n = 126 
2943 P.O.J. = 2875 P.O.J. x Badilla 2n — ca. 100 
2944 P.OJ. = 2875 P.OJ. Xx E.K.28 2n = 120 
2945 P.O.J. = 2875 P.OJ. Xx E.K.2 2n — ca. 120 
2946 P.O.J. = 2875 P.OJ. Xx S.W.111 2n = 122 
2947 P.O.J. S= 2875 B.O.J. x S.W.3 2n — ca. 120 
2948 P.OJ. = 2875 P.OJ. X E‚K.2 2n = 115 


From these examples it follows that “fourth nobilisation canes’’ may have chromo- 
some numbers equal to the sum of the haploid numbers of the parents, in other cases 
the same kind of chromosome increase was found as in second and third nobilisation 
canes which had respectively first and second nobilisation canes as their female parents. 
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FIG. 4. LAHAINA (LEFT) X GLAGAH — I 1080 (RIGHT); FIRST NOBILISATION. °/3 OF ACTUAL SIZE 


Fia. 5. 100 P.O.J. (LEFT) X KASSOER — 2364 P.O.J. (RIGHT); SECOND NOBILISATION. °/3 OF ACTUAL SIZE 
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In later years many crosses were made between canes of the third and fourth 
nobilisation. As far as investigated the clones obtained showed chromosome numbers 
about equal to the sum of the haploid numbers of the parents. Good clones particu- 
larly were obtained from the cross 2878 P.O.J. x 2940 P.O.J. In one of these clones, 
2961 P.O.J. 2n —= 109 chromosomes were found. 3016 P.O.J. from the same cross, 
appeared to surpass 2878 P.O.J. sometimes in sugar yield. The author, however, 
never obtained cytological material of it. 


Up to now cytological results were given of hybrids between S. officinarum and 
S. spontaneum, back-crossed with S. officinarum. In one instance, however, already 
mentioned in Part Ll, a clone of the first nobilisation was back-crossed with S. spon- 
taneum. This clone, H 581, from the cross Bandjarmasin hitam x glagah, was sterile 
on the male side. From the back-cross with glagah many individuals with very thin 
stems were obtained which showed a great resemblance to glagah, having also the 
long sub-terranean stolons, a typical S. spontaneum character. Frequently, however, 
they could be distinguished from glagah, having a red colour in their stems, a character 
obtained from their grand parent S. officinarum. Three individuals of this back-cross 


136 
showed 2n — Te + 56 — 123 or 124 chromosomes, the sum of the haploid numbers 


of the parents. Meiosis was very regular; only 0-6 univalents were found. 


In summarizing the above mentioned facts stress may be laid on the following 
points. 


1. From cytological investigations of a large number of F‚-hybrids between S. offici- 
narum and S. spontaneum it was apparent that the chromosome number 2n of the 
hybrids equals 2 x n of S. of ficinarum (n — 40) + n of the S. spontaneum form used. 
This holds for S. spontaneum forms of which the chromosome number surpasses 
or equals that of S. officinarum, but also for forms with lower chromosome number 
than that of S. officinarum. 

Only by crossing, this kind of hybrids with increased chromosome number may be 
obtained ad libitum. 

2. In the first back-cross, S. officinarum x F‚-hybrid, a further increase of chromo- 
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some number occurs, resulting in plants with 2 x 40 + DR approx. 148 chromo- 


somes. Probably the noble sugar cane contributes exactly 80 chromosomes to the 
cross. The F‚-hybrids form viable gametes with chromosome numbers somewhat 
deviating from the haploid number of 68. Through this procedure back-cross 
seedlings may be obtained showing small differences in chromosome number. 
When 100 P.O.J. (2n — 89) is used as sugar cane in the back-cross the seedlings 
show somewhat more variation in chromosome number since 100 P.O.J. itself is 
unbalanced. 

3. The chromosome number of about 150, found in clones of the first back-crosses 
with sugar cane‚ represents the highest level of chromosome increase. Since such 
clones mostly are male sterile the second back-cross is practised reciprocally by 
using male fertile noble canes as pollen-parents. Thirteen canes derived from the 
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latter cross, mostly called “third nobilisation”, were investigated cytologically. 
Within 8 of them the chromosome numbers were about equal to the sum of the _ 
haploid numbers of the parents. Within the other 5 clones, the numbers 2n — 128, 
130, 131, 133 and 134 were found, plainly higher than the sum of the haploid 
numbers, but lower than the sum of the somatic number of one of the parents and 
the haploid number of the other parent. 

4. The just mentioned increase of an unequal number of chromosomes appears to 
oecur also in other crosses, where the componentcontaining wild “blood” 
has been used as female and the noble cane as male in the cross. 

In 7 cases of the first back-cross, where the F,‚ was used as female, chromosome 
numbers were found varying from 124 to 144, while the sum of the haploid parents 
amounts to 108. 

In the third back-cross, the fourth nobilisation, the sum of the haploid numbers 
of the parents is about 57 + 40 — approx. 97. The chromosome numbers found 
however were: 96, 96, 100, 100, 115, 120, 120, 120, 122, 126. Therefore of four canes 
the chromosome numbers were in accordance with the expected number, in six 
canes distinctly higher. 

It should be kept in mind that in reciprocal crosses where noble sugar cane or 
100 P.O.J. — approximately noble — were used as female parent, this increase of a 
part of the chromosomes of a haploid set was never found. Here always a 
complete doubling of a haploid set appeared to occur. 

When these partial chromosome doublings in a haploid set were detected in the 
years before 1928, it was supposed by the author that they were based on splitting 
of chromosomes within the male parent. Later, however, it appeared from research 
that this increase must be sought on the female side. 

$. From back-crossing of the original spontaneous hybrid Kassoer two or three 
times with noble sugar cane‚ combined with intererossing of the clones obtained, 
and rigorous selection, valuable canes were produced in which a high resistance 
against diseases was attended by a very high sugar yield. The chromosome numbers 
of these clones are on a level of about 100 tot 120. Roughly estimated these canes, 
therefore, may be considered as “triploids” in comparison to “diploid” noble 
canes with 2n — 80 chromosomes. Many of them are more robust than clones of 
noble sugar cane. 


When in the years 1920-1927 the author became acquainted with the increase in 
chromosome number occurring during interspecifie hybridization of Saccharum, he 
asked himself whether there could be any relation in Saccharum between chromosome 
number, size of nuclei and cells, and size of the whole plants. 

In those years he performed therefore a very large number of measurements on 
nuclei of pollen mother-cells and on pollen grains, stomata and hinge cells in leaf 
blades of numerous clones belonging to different species and species hybrids of 
Saccharum, showing a wide range in chromosome number. It was evident that sizes 
of pollen grains, stomata and hinge cells were proportional to the chromosome 
numbers. In the fourth contribution on the cytology of sugar cane (4) in the “Mede- 
deelingen Proefstation Java-Suikerindustrie” 1928, an extensive survey on this matter 
is given on the pages 611-627. 
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Also other cells were measured. This was very well possible with the long epidermis 
cells of cane stalks. It was shown, however, that special characters belonging to the 
species played a preponderant part. So the hard rind cells of the stems of S. sponta- 
neum had much larger epidermis cells than the more soft rind of S. officinarum 
stalks !). 

Concerning the question, whether the high chromosome numbers responsible for 
the large size of the new cane varieties the author concluded in 1929 in a paper (5) 
read at the Third Congress of the International Society of Sugar Cane Technologists, 
held at Surabaya: “It is very difficult to give an answer to this question since these 
new varieties are very intricate species hybrids and hereditary factors have a prepon- 
derating influence on the size of the plants. The cells of our new cane types are, how- 
ever, in relation to the chromosome number larger than the cells of S. officinarum 
varieties and it is therefore probable that the size of our Saccharum plants is also 
dependent on the chromosome number”. 

Before 1928 increase of chromosome number was known only from a rather small 
number of plants. In some case the increase originated from mutation, in other cases 
from interspecific or intergeneric hybridization. 

A classical example was Oenothera (Lamarckiana) gigas, a mutation occurring in 
Hugo DE VRIES’ cultures of Oenothera Lamarckiana (2n — 14). As result of hybridiza- 
tion an F‚-plant with a doubled chromosome number was rarely found. Somewhat 
less rare were F.-plants which beside a much higher fertility than the F,-plants 
showed chromosome doubling. In such a case the increase of chromosome number 
was often attended by giant characters and the plant could be considered as being a 
new species, breeding true to type. Species thus produced were called amphidiploids. 

One of the first amphidiploids cytologically investigated and described in 1925 was 
R. E. CLAUSEN and GOODSPEED’s “tetraploid glutinosa-tabacum hybrid” (8). This 
plant had giant characters and showed 2n — 72 chromosomes. It was found in an F, 
of the cross Nicotiana tabacum purpurea (ln — 48) X N. glutinosa (2n — 24) and 
formed one of the first experimental verifications of WINGE’s hypothesis (10) of 1917 
concerning the formation of polyploid species by crossing attended with chromosome 
doubling. This doubling should be caused by a longitudinal splitting within all chro- 
mosomes of the two haploid parental sets during or immediately after fertilization. 

Formation of amphidiploids in this way seemed to be similar to the origin of the 
Saccharum hybrids with increased chromosome number. At that time the author 
thought the chromosome increase in Saccharum to be a comparable process. 

However, only the chromosomes of the female set within the egg-cell would be 
doubled by splitting, the chromosomes of the male sperm nucleus remaining unsplit. 
In 1940 it appeared that the chromosome increase in Saccharum was caused by 
endo-duplication during megasporogenesis. This will be described in Part IV. 


1) In relation to these measurements it is still worth while to mention that sizes of nuclei of pollen 
mother cells clearly appeared to be proportional to the number of chromosomes. However, species 
abusively classified within Saccharum showed deviating sizes of nuclei of PMC’s. This was the case 
with Erianthus species. In relation to their chromosome number, these species showed nuclear sizes 
not proportional to those of real Saccharum species. By including them in Erianthus the proportional- 
ity was restored on a level belonging to Erianthus. 


13/1 


G. BREMER 


In special crosses of Saccharum increase of chromosome number is a phenomenon 
of frequent occurrence. The origin of amphidiploids in nature, or experimentally by 
crossing, is a rare event. Not until 1937, after discovery of chromosome doubling by 
colchicine treatments amphidiploids could be obtained more easily. 

When it became sufficiently clear that in Saccharum, species hybrids with increased 
chromosome number could be obtained by crossing, the author asked himself in 1925 
whether continued hybridization in a special direction could lead to valuable sugar 
clones, which in comparison to noble sugar cane (2n — 80) could be considered as 
‘““tetraploids’”’ on the level of about 160 chromosomes in the somatic phase (4, 6). 

It was already found not to be exclusively a property ‘of S. officinarum to participate 
with twice its haploid number in hybrids with $. spontaneum. This was also the case 
with clones like Loethers (2n — 99) and its descendant 100 P.O.J. (2n — 89), which 
without doubt have, beside S. officinarum, an unknown other cane as one of their 
ancestors. Therefore the author wondered whether the canes of the third and the 
fourth glagah nobilisation like 2722 P.O.J., 2725 P.O.J., 2875 P.O.J., 2878 P.O.J., 
2940 P.O.J., 2944 P.O.J., etc. could have the same property of chromosome doubling. 
It seemed important, therefore, to cross these canes as female parents with S. sponta- 
neum, with Kassoer and other canes of the first glagah nobilisation, but also with 
the backcross (S. off. X S. spont.) x S. spont. from which a few clones were present 
in the collection of the Experiment Station. 


Sugar cane in Java flowers from the second half of March till the beginning of May. 
The wild glagah, however, mainly flowers in January and February. Often it was 
difficult, therefore, to make the crosses since glagah frequently had left off flowering. 
This was also the case in 1925. In that year it was only possible to perform some other 
crosses on a small scale. 

Crosses were made between some canes of the third nobilisation with canes of the 
first nobilisation like Kassoer. In the descendants no doubling on the female side was 
found. Chromosome doubling, however, was found in a eross of the third nobilisation 
cane 2722 P.O.J. with the back-cross (H 581 Xx S. spontaneum), H 581 as mentioned 
being Bandjarmasin hitam x glagah. Seven of the eight descendants studied cyto- 
logically showed increase of chromosome number. About 170 chromosomes were 
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found, a number equal to 2 x Rr of 2722 P.OJ. + En of (H 581 Xx S. sponta- 


RE 124 
neum). One individual showed 2n — 118, equal to 75e + je Thus it was shown 


for the first time that also individuals belonging to the third nobilisation crossed with 
canes that may be considered as being wild, gave descendants with increased chromo- 
some number, a property frequently found in noble sugar cane. 

This result became the starting-point of an extensive crossing program in the 
following years, based on increase of chromosome numbers. Part III will give a survey 
of this programme. 
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SAMENVATTING 


Problemen bij de veredeling en de cytologie van suikerriet. 
U. Suikerrietveredeling van een cytologisch standpunt uit. 


In dit tweede deel over de cytologie van het suikerriet worden de soortskruisingen, 
die geleid hebben tot ziekte-resistente suikerrietvormen met een zeer hoge suiker- 
opbrengst, van een cytologisch standpunt uit in beschouwing genomen. 

In het eerste deel werd medegedeeld dat bij de vorming van Kassoer en de experi- 
menteel verkregen bastaarden tussen Saccharum officinarum en S. spontaneum een 
‚_ verhoging van chromosomenaantal voorkomt. Nobel suikerriet bezit 2n — 80 chromo- 
somen; bij de wilde glagah komen 2n — 112 chromosomen voor. De soortsbastaarden 
die veelal aangeduid worden met vormen van de eerste glagah nobilisatie, bezitten 
niet 2n — 40 + 56 — 96 chromosomen, maar 2n — 40 + 40 + 56 — 136 chromosomen. 

Hier vindt men nu in de eerste plaats het verdere verloop der chromosomenaantallen 
bij terugkruising van de F‚-bastaard op nobel suikerriet. Bij de eerste terugkruising, 
die met tweede nobilisatie aangeduid wordt, ontstaan vormen met 2n — 40 + 40 + 


136 
—_ — ca. 150 chromosomen. Hiermede is het hoogste niveau in chromosomenaantal 


bereikt. Vormen van de derde en vierde nobilisatie bezitten chromosomenaantallen, die 
tussen 100 en 130 liggen en dus nog vrij veel hoger zijn dan 2n — 80 van nobel riet. 

In verband met de gevonden chromosomenaantallen heeft de schrijver zich in 
1925 afgevraagd of de forse suikerrietvormen, die gemiddeld ongeveer 115 chromo- 
somen bezitten, in verhouding tot nobel suikerriet (2n — 80), als triploiden beschouwd 
kunnen worden. Het zou dan denkbaar zijn dat verdere verhoging in chromosomen- 
aantal tot een peil van 160 tot nog forsere waardevolle suikerrietvormen zou kunnen 
leiden. Een kruisingsprogramma ter bereiking van dit doel werd in 1925 uitgewerkt. 
Van de kruisingsresultaten met behulp van dit programma verkregen zal in Deel [II 
een overzicht gegeven worden. 
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ABSTRACT 


The total annual pulp production and the average weight of seeds are among the 
most important criteria in selecting new parent trees in a seedling population of 
cacao. 

Until now in Netherlands New Guinea the pulp production per tree was computed 
by multiplying the number of pods harvested with the average wet seed weight per 
pod, which magnitude, like the average weight per seed, was derived from the data 
of 20 ‘average’ pods per tree which had been chosen by eye. 

Computations from the results of 20 pod analyses per tree in a group of 50 seedlings 
have shown that the values of the total pulp production established in this way and 
the average weight per seed can deviate considerably from the true values. 

As concerns the total pulp production, determination of the total weight of the pods 
harvested and multiplication of that figure with the average quotient pulp weight/pod 
weight of 20 ‘average’ pods chosen on the basis of their weight as a rule gives much 
better results. By sampling in this way a better impression is also gained of the average 
bean size. 


L. INTRODUCTION 


Among the most important criteria taken in selecting new parent trees in a seedling 
population of cacao is the normal pulp production of the trees. The bean size is a 
second important criterium because in commerce beans of dry market cocoa are re- 
quired to weigh at least 1 gram. 

The pulp production of a tree over a certain period can be established by multi- 
plying the number of pods harvested in that period with the average weight of their 
wet seed volume. The latter value divided by the average number of seeds per pod 
gives the average weight per wet bean which on multiplication by the dry/wet ratio of 
the tree concerned yields the average bean weight of the market cocoa. 

In selecting new parent trees it is therefore of paramount importance to establish 
very accurately the wet seed production and the average weight of seeds of the trees 
that are among the best of the population. 

It is not difficult to determine the number of pods produced provided that at every 
picking the pods of every tree are counted. However, the situation is less favourable 
when the average pulp weight per pod and the average weight per seed must be deter- 
mined because a complete analysis of all pods would be too complicated and too time- 


consuming. It is therefore customary to restrict oneself to examining a limited number 
of samples. 
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Pounp (1931, 1932) concluded from the results of extensive investigations that a 
sample of 30 pods of a random tree gives average values of the pulp weight per pod 
and the number of seeds per pod which in 95 out of 100 times deviate less than 10 % 
from the true means valid for that tree. In this connection he talks of a ‘random 


sample’, in other words Pounp’s samples comprise both small and large pods of 


average size. In Indonesia it was the rule to sample 25 pods per tree, while in Nether- 
lands New Guinea 20 pods per tree are considered sufficient to characterize the rele- 


vant characters of the pods. However, these numbers were never computed along 
statistical lines. In addition it has not been established whether the samples would have 
to contain exclusively average or small and large pods. These gaps were the incentive 
to investigate the question of the yield-estimation of individual trees and the related 
sampling density once more. 


2. MATERIAL 


The investigations were carried out with 50 seedlings from 4-5 years old Trinitario- 
plantations at Manokwari, which had been in production for some years. In a period 
of one year 20 pods of each of these trees have been completely analysed. In addition 
the total weight of the pods of each tree harvested at every picking was determined in 
that year. The majority of pods were analysed in the months of April, May and June 


1959 in which period some 605 of the annual production was reached; however, also 
before and after that time many pods were measured. The picking was carried out 


every two weeks. In consequence all the pods harvested and analysed were almost or 


just completely ripe and never markedly unripe or overripe at the picking. For the 
_determinations of every tree pods were chosen which as measured by eye were pods 
of average size. 


TABLE Î. FREQUENCY TABLE OF 1,000 ANALYSED PODS 


Percentages of the Frequency, i.e, number of pods 
true mean pod weight in each weight class 
31-40 2 
41-50 13 
51-60 25 
61-70 58 
71-80 91 
81-90 109 
91-100 135 
101-110 154 
111-120 131 
121-130 105 
131-140 76 
141-150 47 
151-160 32) 
161-170 10 
171-180 11 
181-190 3 
191-200 — 
201-210 3 
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To get a picture of the variability of the starting material its frequency distribution 
has been examined. For that purpose the weight of every analysed pod has been ex- 
pressed in percentage of the true average pod weight of the tree concerned in the ob- 
servation period (which weight equals the total weight of the pods harvested during 
the whole year divided by their number); then the 1,000 percentages thus obtained 
have been arranged in 10% classes. Table 1 gives an impression of the frequency 
distribution while the same distribution is pictured graphically in figure 1. 
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pod weight as a percentage of the mean 


Fig. 1, FREQUENCY CURVE FOR DATA OF TABLE Ì 


The frequency curve has a fairly regular course. It has been computed that 42.8 % 
of the pods were lighter and 57.2 % were heavier than the true average. Generally taken 
the pods were therefore slightly heavier than an average pod. The mean absolute value 
of deviations from the average was 22.4 % of that average. It is evident therefore that 
it is less easy to choose by eye pods of average dimensions than one is inclined to 
suppose. 


3. THE REPRESENTATIVE VALUE OF THE POD WEIGHT OF THE SAMPLES 


As also the true average weight of all the pods harvested per tree during the ob- 
servation period was known it could be ascertained how far the average weight of the 
20 pods analysed was representative for the trees concerned. To obtain an objective 
picture the difference between the two averages was expressed in percentage of the 
former. 

It was established that of 39 trees the average weight of pods analysed was from 
l to 21% and on average 9 % larger than the true average and only in 11 trees from 1 
to 14% and on average 5 % smaller. The average absolute value of the difference was 
Sis: 

If it is considered that the pods to be analysed were sampled by a collaborator with 
much experience in this field it is obvious to conclude that large differences between 
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the sample and the subject for which it is taken to be representative apparently cannot 
be obviated. It needs no comment that such deviations are strongly manifested in the 
case of individual assessment of trees chosen for selection work and that they can 
easily lead to wrong conclusions. 


4. VARIABILITY OF POD CHARACTERS WITHIN THE SAMPLES 


The following pod characters were determined: weight of pod, weight of wet seed 
and number of seeds. On the basis of these three data some more figures were com- 
puted, viz. the quotient pulp weight/pod weight and the average weight per seed. 

A measure for the variability of individual observations was the coëfficient of varia- 
tion. This was computed for every tree for the factors pulp weight, pulp weight/pod 
weight and average weight per seed, not only for the whole sample of 20 pods, but 
also for the 10 pods of which the weights lay closest near the average pod weight of 
the whole sample. 

According to table 2 in which the maximal, minimal and mean values of that 
coëfficient are presented the variability of the pulp weight in the samples of 20 pods 
was widest; those of the weight per seed and the quotient pulp weight/pod weight 
differed only slightly and were considerably smaller. Restriction of the variability 
of the pod weight resulted in a considerable decrease in the variability of the pulp 
weight and the weight per seed. The variability of the factor pulp weight/pod weight, 
however, changed only little under these conditions. 


TABLE 2. COEFFICIENT OF VARIATION IN SAMPLES OF 20 PODS AND IN GROUPS OF Î0 PODS WITH THE 
SMALLEST WEIGHT DISPERSION ROUND THE MEANS OF THE SAMPLES 


; en S Wet cacao Wet cacao weight/ 

Coefficient of variation of: weight pod weight Bean weight 
Whole samples of 20 pods 

MARIAE ar van on: 42 24 32 

Mitanni Beelen ER 14 8 8 

MEeantoitners ONTee sn 25.9 16.3 17.0 
Groups of 10 pods 

MEN a et tE oen a oen 30 DS 23 

MDI te gE ABe 8 6 5 

ME ONS OLEES a 14/55 14.2 | 12.6 


As a matter of fact the computed coefficients of variation give no picture of the true 
variability of these characters of the individual trees. As was mentioned before of 
every tree pods of average size were chosen by eye for the analyses. The true variability 
therefore must be supposed to be considerably greater. 


5. THE RELATION BETWEEN THE VARIOUS POD CHARACTERS 


The many data available, i.e. the results of the 1,000 pod analyses, offered an oppor- 
tunity to ascertain whether there was some correlation between the various pod charac- 
ters both per tree and between trees. 
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To begin with the correlation coefficients between the mean values per tree for various 
magnitudes have been computed, that is between the means of 20 pod analyses (table 3). 


TABLE 3. RELATION BETWEEN THE MEAN VALUES OF SEVERAL POD CHARACTERS OF 50 SEEDLINGS 


| Correlation coefficient 


Relation between | (smallest significant value at P — 0.01 is 0.360 *) 


Pod weight and wet cacao weight .. .... | + 0.711 
Pod weight and wet cacao weight/pod weight . — 0.649 
Pod weight and bean number . . ...... R OND 
Pod weight and bean weight ........ + 0.633 
Wet cacao weight and bean number .. ... + 0.435 
Wet cacao weight and bean weight . .... | + 0.727 
Bean number and bean weight ....... | — 0.278 


*) FISHER (1932). 


It has appeared that there existed a high positive correlation between pod and pulp 
weight and also a high but negative correlation between pod weight and the quotient 
pulp weight/pod weight. There was also a high positive correlation between pod weight 
and weight per seed. The correlation between pod weight and number of seeds con- 
trarily was negligibly small. In other words: trees with heavier pods in general pro- 
duced a larger quantity of pulp per pod. However, this increase clearly remained behind 
the increase in pod weight. The increase in pod weight was attended by an increase of the 
average weight of seeds, but the average number of seeds per pod under these circum- 
stances remained practically unchanged. 

If the mean pulp weight of the pods of a tree is considered it is apparent that an 
increase of that magnitude was determined by the increase of the average weight of 
seeds, it is true, but also, though to a lesser extent, by an increase in the number of 
seeds per pod. The latter is not in agreement with the statement of CHEESMAN (pu- 
blished by VAN DER KNAAP, 1953) according to whom on comparison of seedlings an 
increase of the average quantity of wet seeds per pod would be exclusively a result of 
heavier seeds and not of a larger quantity of seeds per pod. 

A slight negative correlation was observed between the average number of seeds 
per pod and the average weight per seed, unreliable in the case of P — 0.01 but just 
reliable when P — 0.05. However, this correlation had no practical significance. 

On the basis of the average weight of the 20 pods analysed the 50 seedlings were 
arranged in 5 classes of 10 trees. In the first class trees with the lowest average pod 
weights were brought together, in the second the 10 trees of which the average pod 
weights followed on those of the trees of the first class, etc. Within each class the mean 
values of the foregoing pod characters were computed. Then these means have been 
expressed in percentages of the means of all 50 trees. These data are presented in 
table 4. They confirm the conclusions drawn from the correlation coefficients. 


In addition of every tree the 20 pods have been distributed over 4 classes of 5 pods. 
In the first class were placed the lightest 5 pods, in the second class the next 5, etc. 
Within each class for the 50 trees together the mean values of the foregoing characters 


were computed; they were also expressed in percentages of the means of all 1,000 pods 
(table 5). 
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TABLE 4. MEAN VALUES OF SEVERAL POD CHARACTERS AFTER DISTRIBUTION OF THE 50 SEEDLINGS OVER 
5 GROUPS OF 10 TREES EACH, ACCORDING TO INCREASING POD WEIGHT (BETWEEN BRACKETS THE 


MEAN VALUES AS PERCENTAGES OF THE MEANS OF THE WHOLE POPULATION) 


Pod characters Ist group | 2nd group | 3rd group | 4th group | Sth group Mean 
| 

Pod weight (gr.). . | 302 (70) | 372 (86) | 419 (97) | 475 (110) | 598 (138) | 433 (100) 
Wet cacao weight | 

(GT) EEE EE 80 (82) O3 (06) IOS (O8) | 102 (106) | 115 (118) | 97 (100) 
Wet cacao weight/ | | 

pod weight . . 0.266(115) | 0.252(109) | 0.229(99) | 0.219(95) | 0.192(83) | 0.232(100) 
Bean number . . . | 32.0 (93) | 34.8 (102) | 35.3 (103) | 34.6 (101) | 34.6 (101) | 34.3 (100) 
Bean weight (gr.) 2.56 (89) 2.69 (94) | 2.76 (96) | 2.98 (104) | 3.33 (116) \ 2.86 (100) 
TABLE 5. MEAN VALUES OF SEVERAL POD CHARACTERS AFTER DISTRIBUTION OF THE 20 PODS PER TREE 


OVER 4 GROUPS OF 5 PODS EACH, ACCORDING TO INCREASING POD WEIGHT, WITHIN THE WHOLE 
POPULATION OF 50 TREES (BETWEEN BRACKETS THE MEAN VALUES AS PERCENTAGES OF THEIR 


MEAN) 
Pod characters Ist group 2nd group 3rd group 4th group Mean 
| 

Pod weight (gr.). . . . | 304 (70) 394 (91) 465 (107) 5 OOMS) 433 (100) 
Wet cacao weight (gr.) . | 70 (72) 91 (94) 106 (110) 121 (124) 97 (100) 

‚ Wet cacao weight/pod 
WOU ders Saen 0.236(102) \ 0.237(102) 0.235 (101) 0.219(95) 0.232(100) 
MBeanmumbenmn. | 29:57 (86) 33.5 (98) 36.3 (106) 37.6 (110) 34.3 (100) 
Bean weight (gr) 2.48 (87) 2.76 (97) 2.98 (104) 3.24 (113) 2.86 (100) 


According to the class averages the pulp weight practically increases proportio- 


_nally with the pod weight from which it follows that the value of the factor pulp 
_weight/pod weight remains approximately equal on increasing pod weight. An ex- 


ception forms the fourth group where this factor is suddenly somewhat smaller than 


in the other groups. The cause is the relatively small number of seeds per pod in that 


group, which possibly must be ascribed rather to accidental than to systematic in- 
fluences. The class means furthermore show that an increase of the pod weight goes 


together with increases in the number of seeds per pod and the weight per seed, which 


| 


as percentages were fairly equal. 
For clearness’ sake the percentages of the tables 4 and 5 are presented graphically 


in the figures 2, 3 and 4. This enables a comparison which is interesting. 


| 


For instance the pulp content of the pods appeared to be smaller according as the 
average pod weight of a tree was larger. 

The relative increase of the wet seed weight roughly was only half of the relative 
increase of the pod weight. That increase in pulp weight was almost entirely due to an 
increasing seed weight. 

Increase in the weight of the pods of one and the same tree contrarily was attended 
by an equally strong increase of the wet seed weight, which increase was caused half 
by an increase in the average weight per seed and half by an increase of the number 
of seeds per pod. 
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Fi. 2. DIAGRAM FOR PERCENTAGES OF TABLE 4 
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Frio. 3. DIAGRAM FOR PERCENTAGES OF TABLE 5 


It appears therefore that in both cases the increase of the average weight per seed was 
approximately equal in case of a given increase of the pod weight; in the second case 
however there was an additional equally strong increase of the number of seeds per pod. 

On the basis of the foregoing it is possible to express the relation between the quan- 
titative changes of the pod characters in the following approaching formulas: 


Relative increase of pod weight: relative increase of pulp weight: relative increase 
of number of seeds per pod: relative increase of the average weight per seed — 
2:1:0:1, on comparison of average pod weights of seedlings, and 
2:2:1:1, on comparison of larger and smaller pods of one and the same tree. 


As was mentioned before the results of the 1,000 pod analyses do not confirm CHEES- 
MAN’s opinion that on comparison of seedlings an increase of the average quantity of 
wet seed per pod would be exclusively a result of heavier seeds; it can now be establish- 
ed that also the suggestion of VAN DER KNAAP (1953), according to whom in case of 
a clone the average weight of seeds would be more or less constant and independent of 
pod size, is not in agreement with the situation as occurred here. 
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Fro. 4. DIAGRAM FOR PERCENTAGES OF THE TABLES 4 AND 5 


6. THE FACTOR PULP WEIGHT/POD WEIGHT 


According to the foregoing statements the quotient pulp weight/pod weight, with 
consideration of the limits set by the variability in consequence of accidental devia- 
tions, can be considered constant for an arbitrary seedling. This constant value is not 
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systematically influenced by differences in the weight of the pods of that tree. For that 
reason it is a very valuable aid in the yield determination of individual trees. This will 
be discussed in the following section. 

How widely different the average values of the quotient in seedlings can be is 
apparent from table 6. Its minimum value in the series of 50 trees amounted to 0.131 
in the case of an average pod weight respectively pulp weight of 670, respectively 
88 grams, and the maximum value 0.330 in the case of an average pod weight res- 
pectively pulp weight of 319 respectively 105 grams. From the same table it is also 
clearly evident that taken as a whole an increase of. the value of the quotient was 
attended by a decrease of the average weight per pod. 


TABLE 6. FREQUENCY TABLE OF THE MEAN VALUES PER TREE OF THE 
QUOTIENT WET CACAO WEIGHT/POD WEIGHT 


Number of trees | 


Quotient | in each elis | Mean pod weight, gr. 
| 
| 
0.131-—0.150 | 1 670 
0.151-—0.170 | 530 
0.171-—0.190 | 4 | 551 
0.191-—0.210 9 | 495 
0.211-—0.230 (7 | 405 
0.231-—0.250 14 427 
0.251-—0.270 (/ 391 
0.271—0.290 4 302 
0.291-—0.310 2 356 
0.311-—0.330 319 


7. DETERMINATION OF THE PULP PRODUCTION AND THE AVERAGE SEED SIZE PER TREE 


Until now per tree and per year 20 pods were sampled in this country. The pods 
were judged by eye and of average size. The pulp production was computed from the 
product of the number of pods harvested per year and the average wet seed content 
of the analysed fruits. The average weight per seed of the 20 pods examined was 
considered as the average seed size. 

In chapter 3 it was already shown that the true average pod weight often deviated 
rather strongly from the value derived from the analyses. The difference amounted to 
1-21% and on average 8% of the true average pod weight. As for a given tree the 
factor pulp weight/pod weight can be considered constant the differences between the 
average wet seed content per pod according to the analyses, and the true average pulp 
weight, were of the same order of size. These differences remained unchanged in the 
evaluation of the total pulp production per tree. In this no account is taken of the 
variability of the pulp weight within the samples which according to table 2 in the 
group of 50 trees was at least 14%, at most 42 % and on average 25.9 % of the average 
pulp weight computed from the analyses. The mean error of the averages of 20 ob- 
servations therefore varied between 3.1 and 9.4% and on average amounted to 5.8 % 
of those averages. 

It is therefore justified to state that in production determinations of seedlings ac- 
cording to customary methods often yields will be found which at least differ 15 % 
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from the true yield, and even have a good chance to be 20 to 30% larger or smaller. 
It needs no comment that this conclusion is very detrimental to the value of a selection 
based on yield determinations established in that way. This doubt is even greater 
when it is also considered that a less close choice of the pods to be analysed may 
increase the differences between the computed and the true pulp yield beyond the 
percentages just mentioned. 

in chapter 5 it was computed that on comparison of larger and smaller pods of one 
and the same tree the increase or decrease of the average weight per seed in percentage 
amounts to only half the increase or decrease of the pod weight in percentage. It 
follows that in the group of 50 trees the difference between the computed and the true 
values of the average weight per seed varied between 4 and 105% and on average 
amounted to 4% of the true weight. The mean error of the average weight per seed 
computed from the 20 analyses per tree amounted to at most 7.2 %, at least 1.8 % and. 
on average 3.8 % of that mean. Hence in general the differences to be expected between 


the true average weight per seed of a given tree and the figures found when 20 pods are 


analysed are relatively much smaller than was computed for the total wet seed pro- 
duction. 


A change for the better of the method of yield determination is possible by involving 
on the one side the quotient pulp weight/pod weight and on the other determining at 
every picking the total weight of the pods harvested and to add these weights and the 
number of pods harvested over a period of one year, after which very precisely the 
average weight of the pods produced by every tree in that observation period can be 
established. 

However, in practice one need not go as far as that, for the most important selec- 
tion criterion, i.e. the total pulp yield during a given period, is also found by multi- 
plying the total weight of pods with the quotient pulp weight/pod weight. It would be 
possible even to establish the pulp yield directly by crashing at every picking all pods 
and determining the total weight of the pulp, in which case it would not be necessary 
to weigh the pods. However, such a procedure would meet with practical difficulties 
if pulp should have to be processed to market cocoa. As a rule the best procedure 
will be to compute the quotient pulp weight/pod weight from the results of a series of 
pod analyses. 

As appeared this factor is not dependent on the pod size. So it is unimportant 
whether of the tree for which the factor must be determined, large or small pods are 
taken. However, as also precise figures should be obtained of the average weight per 
seed the best procedure will be to take exclusively pods of average size for the ana- 
lyses. 

Doris to table 2 for the 50 trees of this investigation the average value of the 
coefficient of variation of the quotient amounted to 16.3 %. To determine therefore the 
factor pulp weight/pod weight and with that the total pulp production per tree within 


__accuracy limits of 5% it had not been necessary to sample more than an average of 


li pods per tree. However, in fact, in the case of half of the trees the coefficient of 
variation was higher than 16.3 %. A sampling density of 11 pods per tree therefore gave 
only 50% security that the figures would remain within the accuracy limits of 5%. In 
90% of the trees the coefficient of variation was smaller than 21.5 %. Thus in 90 out 
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of 100 cases a value for the quotient pulp weight/pod weight would have been found 
which differed at most 5% from the true value, by analysing 19 pods in stead of 11 
pods per tree. 

As concerns the pulp weight of the analysed pods the coefficient of variation was 
smaller than 33.5 % in 90% of the trees. In order to be able to establish in 90 out of 
100 cases the average pulp weight per tree within accuracy limits of 5% it would have 
been necessary to analyse of each tree 45 pods in stead of 20 as was done here. In 
addition also the condition would have to be satisfied that the average weight of 
the 45 sampled pods equalized the true average weight of the pods produced in that 
period by the tree concerned. However, as has appeared from chapter 3 such a situa- 
tion cannot be realized easily. 

From these figures it is clearly apparent that the changed method of yield deter- 
minations not only gives a much clearer picture of the quantity of pulp which is 
produced by an observation tree in a given period, but which in addition is much easier 
to be carried out because the saving of labour obtained by reduction of the (number 
of) pod analyses is largely balanced against the trouble of weighing a group of pods at 
every picking. 

The altered method brings no mutual changes in the way of establishing the average 
weight per seed. As a measure for this weight should be considered the mean of the 
average weights derived from the pod analyses. In 90% of the trees the coefficient of 
variation for this was smaller than 25% so that in 90 out of 100 cases the average 
weight per seed could have been determined within accuracy limits of 5 % by analysing 
per tree 25 pods of which the average weight equalized the true average pod weight 
of the tree concerned during the considered period of one year. 


8. CONCLUSIONS 


The examination of 20 pods per tree in a group of 50 trees during a period of one: 
year and determination of the number and total weight of the pods produced in that 
period by every tree allow of the following conclusions: 


|. The average weight of the pod content increases with increasing average pod 
weight of a tree. The latter increase as percentage, however, is only half of the first, 
of which the result is, that the quotient pulp weight/pod weight is smaller in the case 
of trees with a higher average pod weight. The increase of the pulp quantity under in- 
fluence of the increasing pod weight is entirely due to an increasing average weight 
per seed. 


2. The pulp weights of the pods of one and the same tree stand in the relation of 
the pod weights. For a given seedling the quotient pulp weight/pod weight is therefore 
constant. The increase of the wet seed content attended with the increase of the size 
of pods is caused for about half by an increase in the number of seeds and for the 
other half by an increase of the average weight per seed. 


3. The total pulp production per tree can be considered as the product of the num- 
ber of pods produced and the average pulp weight per pod. To determine the latter 
and with that the total pulp production in 90 out of 100 trees within accuracy limits 
of 5% it is necessary to analyse per tree 45 ‘average’ pods. In that case, however, also 
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| the average weight of these 45 pods should equalize the true average pod weight of 
the tree concerned during the period considered. If this condition is not satisfied, 
| then the computed total pulp production will often deviate as percentage equally much 
| from the true yield as the average weight of the analysed pods differs from the true 
average pod weight. 


_ 4, The total pulp production per tree can be also computed as the product of the 
total weight of the pods harvested and the factor pulp weight/pod weight. The latter 
| is constant for every seedling, a value, however, which is subject to accidental errors. 
To be able to determine this quotient via samples in 90 out of 100 cases within accu- 
racy limits of 5% per tree, 19 pods should be sampled, whereby it does not matter 


whether these 19 pods are small or ‘average’ or large specimen. 


5. To estimate of 90 out of 100 trees the average weight per seed within accuracy 

limits of 5% per tree 25 ‘average’ pods should be analysed. If the average weight of 
these 25 pods does not equalize the true average pod weight, however, then the com- 
puted value of the average weight per seed will often deviate half as much from the 
true weight as the difference, as percentage, between the average weight of the pods 
analysed and the true average pod weight. 


6. On the basis of the data obtained from this investigation it is recommended to 
determine, if for the selection of new parent trees it is necessary to estimate very 
accurately the individual annual production of a group of seedlings, at every picking 
the total weight and the number of pods harvested from every tree and furthermore to 
analyse completely in that period of one year 20 pods per tree. These 20 pods should 
approach as much as possible the ‘average’ pod of the tree concerned. This can be 
obtained by distributing the 20 samples as much as possible over the pickings in the 
same way as the total pod production is spread over that period, and by destining for 
the analysis exclusively pods of which the weight very closely approaches the average 
pod weight established in the given picking period. If this procedure is followed one 
can be sure to find in 90 out of 100 cases a pulp production which deviates not more 
than 45 % from the true pulp yield, and an average weight per seed which in 90 out of 
100 trees differs at most 5.6 % from the true mean. 


7. If, however, the method is applied which is now still in use (analysing per tree 
20 ‘average’ pods which are chosen by eye), then, assuming that the average weight 
of the 20 pods precisely equalizes the true average weight of the pods produced by 
the tree concerned, in 90 out of 100 cases a value for the total pulp production will 
be found which can differ to 7.5 % from the true pulp production. Taken as such this 
seems a reasonable outcome. However, in practice the deviation will often be con- 
siderably wider because there is mostly a large difference between the average weight 
of the 20 pods chosen by eye and the true average pod weight of the tree concerned in 
the observation period. This method therefore is far less reliable than the method 
recommended under 6. 
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SAMENVATTING 


Variabiliteit van diverse kolfeigenschappen als een factor bij de cacaoselectie 


Tot de belangrijkste criteria bij de selectie van nieuwe ouderbomen in een zaai- 
lingenpopulatie van cacao worden gerekend de totale pulpopbrengst per jaar en het 
gemiddeld gewicht der zaden. 

Volgens de momenteel in Nederlands-Nieuw-Guinea nog gebruikelijke werkwijze 
wordt de totale pulpopbrengst berekend door het verkregen aantal kolven te vermenig- 
vuldigen met het gemiddeld nat zaad gewicht per kolf, welke grootheid evenals het 
gemiddeld gewicht per zaad wordt afgeleid uit de resultaten van de analyses van 20 op 
het oog uitgezochte „„gemiddelde” kolven per boom. Die methode mist echter elke 
wetenschappelijke basis, zodat het nodig werd geoordeeld een onderzoek naar de 
juistheid ervan in te stellen. Voor dit onderzoek waren beschikbaar de uitkomsten 
van de analyses van 20 kolven per boom van 50 zaailingen, welke analyses in een 
periode van één jaar werden uitgevoerd. Voorts waren bekend de aantallen kolven en 
hun totaalgewicht, voortgebracht in dat jaar door elk van de 50 observatiebomen. 

Interessante conclusies konden worden getrokken met betrekking tot de variabili- 
teit van en het verband tussen de diverse kolfeigenschappen. Van de eigenschappen der 
kolven van een gegeven boom bleek nog het minst variabel te zijn het quotient pulp- 
gewicht/kolfgewicht. Ook kon worden aangetoond dat dit niet af hankelijk is van de 
grootte der kolven, in tegenstelling tot het pulpgewicht, het aantal zaden en het ge- 
middeld gewicht per zaad. 

Voorts bleek, dat de gebruikelijke methode van opbrengstbepaling veelal leidt tot 
resultaten, die tot 20 of 30% of nog meer afwijken van de werkelijke opbrengst. 
Hierin kan enige verbetering worden gebracht door een veel groter aantal dan 20 
kolven per boom te bemonsteren. Het blijft echter een handicap dat de schatting van 
de pulpopbrengst alleen dan juist is, indien het gemiddeld gewicht der bemonsterde 
kolven overeenstemt met het gemiddeld gewicht van alle geoogste kolven, een voor- 
waarde, waaraan bij bemonstering op het oog dikwijls niet wordt voldaan. 

Daarom wordt aanbevolen gebruik te maken van het quotient pulpgewicht/kolf- 
gewicht, dat voor een gegeven boom als een constante kan worden beschouwd. 
Worden in dat geval 20 kolven per boom geanalyseerd en wordt bovendien het totaal- 
gewicht van de in de observatieperiode geoogste kolven vastgesteld, dan zal de uit die 
gegevens berekende pulpopbrengst in 90 van de 100 gevallen minder dan 4,6% ver- 
schillen van de werkelijke nat zaad opbrengst. Zorgt men er bovendien voor dat het 
gewicht der bemonsterde kolven dicht ligt bij het gemiddeld kolfgewicht van de be- 
trokken boom, dan zal de uit de analyses voortvloeiende waarde van het gemiddeld 
gewicht per zaad de werkelijkheid zeer dicht nabij komen. 
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ABSTRACT 


The collection of Swedish local red clover strains, owned by the Swedish Seed 
Growers’ Association, may serve as an attempt to organize a “gene bank” for land- 
races of red clover in Northern Europe. From all 43 strains seed is available and it is 
hoped that seed of satisfactory germination capacity can be kept available for the 
future. It may be obtained for research purposes in samples of not larger than 100 
grams from the Swedish Seed Association, Uppsala 1, Sweden. 


INTRODUCTION 


Red clover (Trifolium pratense L.) has been extensively grown in Sweden for some- 
what more than a hundred years. An important adaptation to local conditions has 
made many of the land-races very valuable. As a matter of fact some of such local 
strains still dominate in the herbage production in Central and Northern Sweden. 

Many of these land-races have been grown on the same farm for 50-100 years and 
no additional seed has been bought. As many of these farms have an isolated situation 
there have been very little admixtures or crossings. Widely differing characters may be 
found in such land-races and some of these characters may be of value in future 
breeding and research work. 

With increasing specialization in Swedish farming, better developed seed trade, and 
new and improved varieties most of the land-races will be lost. This has happened 
during the last ten or twenty years in Southern Sweden and the same tendency is 
quite pronounced in other parts of the country, too. For Swedish plant breeding it is 
important that gene material in the land-races is kept available in the future and some 
of these locally adapted strains may also be of value for plant breeding in other 
countries. There are already a number of examples on such contributions. 

In 1952 it was decided by the Swedish Seed Growers’ Association to bring together 
a collection of the most important land-races of red clover and to keep seed available 
free of charge for research workers and breeders in and outside of Sweden. Collection 
and storage of such land-races was arranged by the Ultuna branch station of the 
Swedish Seed Association. 

Up to now 43 different land-races are included in the collection. Most of them have 
been developed in Central and Northern Sweden but a few south Swedish strains are 
included, too (Fig. 1). Seed was collected from the farm where the strain has been 
developed and for nearly all these land-races seed harvested in 1953 has been stored. 
Storage has been done at a moderately low temperature (0-10°C) in sealed glass 
containers. The germination has been determined yearly and when the germination 
capacity of a strain is becoming too low the seed will be multiplied under isolation in 
the area of origin — if possible on the original farm. It is hoped that the strains in this 
way may be kept for a very long time with only a few generations of multiplication. 
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FIG. 1. ORIGIN OF SWEDISH LAND-RACES OF RED CLOVER 


The value of these land-races has been determined in a great number of field trials. 
Results from such trials in different parts of Sweden were summarized by ÁKERBERG 
and JULÉN (1946). Some other characters of the strains have been studied by various 
research workers. A discussion of some of the investigations, including time of 
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flowering, corolla tube length, resistance to drought and to stem nematodes, will be 
published by BINGEFORS and ÁKERBERG (1961). In these two papers references will be 
found. Here only a list of available land-races and a very short summary of the 
characteristics of such strains will be given. 
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LAND-RACES IN THE COLLECTION 


Spannarp is a semi-late strain, well-known for a rather high degree of resistance 
against stem nematodes. 

Wambâsa is a fairly early strain with better persistence and higher yield in Southern 
Sweden than most other strains of early red clover. Longer corolla tube than in 
several other red clover strains. 

Rinkaby is an early red clover strain grown in Southeastern Sweden for 60 years. 

Vikaryd is known since 1920, Ángen since 1909 and Frugárden since 1902. Svanvik 
has been grown for a very long time but detailed information is not available. All these 
four strains have been grown in Western Sweden south of the lake Vänern. They have not 
been widely tested in field trials. They are late and fairly susceptible to stem nematodes. 

Hassle Säby is a fairly late flowering strain from the same area, grown there for at 
least 50 years. It has been extensively tested and was an important strain until some 
years ago when it was largely replaced by semi-late, nematode-resistant varieties. 

Vagge is another important strain from Western Sweden but from the north of the 
lake Vänern. It has been grown there since 1885. Also Norra Edsberg has been of 
some importance in this area where it has been grown since 1910. Possibly, it is of 
Norwegian origin. Both of them have been tested to a fairly large extent in this area. 
They are extremely susceptible to stem nematodes and they are late flowering, 

These characteristics also are typical for two other varieties from the same area 
which are not so well-known: Labberud, probably grown since 1855 on the same farm, 
and Järnerud, grown since 1887. 

Sörby-Okna has been of importance in the province of Östergötland in Eastern 
Sweden and is the most valuable land-race in this province. It is a late-flowering strain 
with a fairly high resistance to drought and a certain degree of nematode resistance. 
This strain has been grown here since 1890. Björnsnäs is from the same area but not 
so persistent as Sörby-Okna. 

A group of late red clover strains from the area north of the lake Vättern includes 
Göksholm, Ormesta and Hjälmarsnäs, all of them grown there for some 50-60 years. 
They have been tested in trials in this area and Hjälmarsnäs has shown up as an 
important strain with a certain degree of nematode resistance. 

Another very old centre of red clover seed production is the province south of the 
Mälar lake. The strain Stenhammar is believed to have been grown since 1850, Heby 
since 1872 and Sjösa probably for about the same time. None of them have been 
extensively tested. All are late flowering and very susceptible to stem nematodes. 
Bränninge and Ársta, both grown for 60-70 years, are better tested and have shown 
tendencies to nematode resistance. 

From the provinces adjacent to the north of the Mälar lake a great number of land- 
races of late red clover are known. Some of them have become quite important. Best 
known is Ultuna grown at the same farm since 1905 and at that time brought there 
from Sjösa, mentioned above. It has been tested to a very great extent and is well 
adapted for a wide area up to Northern Sweden. It is very susceptible to stem nema- 
todes but has some resistance to drought. The corolla tube is fairly long. In seed 
production trials in Southern Sweden and in Northern Sweden it gives lower seed 
yield than varieties adapted for these areas. 
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Another important strain from this area is Skultuna which has been grown since 
1918 on the same farm, at that time brought there from a farm nearby. The strain is 
very susceptible to stem nematodes but has given good yields in a great number of 
tests. 

From these provinces some more strains originate: Haknäs, grown since 1896, 
Kathrinedal, grown since about 1900, Taxnús, grown since 1902, Högfors and Örbyhus, 
both grown since 1880-90, and Norrhällby, which may be younger. Norrhällby is 
somewhat earlier in flowering time than the others and has shown a low degree of 
nematode resistance in some tests. All the others are susceptible or very susceptible 
to stem nematodes. Högfors seems to be very persistent. 

Land-races from the northern part of Sweden, “Norrland”, as a rule are fairly 
early in flowering but late in growth and poor in aftermath production. Some of them 
have rather small leaves and may have a prostrate type of growth. All of them are very 
susceptible or extremely susceptible to nematode attacks but they are winterhardy and 
some of them are extremely persistent under north Swedish conditions. From the 
southern province of ““Norrland” Ársunda, grown since 1889, Kilafors, grown since 
1920, Säversta, grown since 1905, and Vallen, grown for 40-50 years, are included in 
the collection. None of them have been tested very much outside of the province. 

An important seed growing area is situated in the central part of Norrland, around 
the river Ángermanälven. There are many strains from these provinces and some of 
them differ quite obviously in earliness and persistence. A very important strain is 
Offer, grown there since 1872 when seed was brought from Central Sweden. It has 
been extensively tested and is widely recommended. 

Bredânger has been grown since 1915 when it was brought from Central Sweden. 
Näsfors has been grown for 50-60 years and Ramsás since the 1860’s. Sidensjö, grown 
since the 1890’s when seed was brought from Central Sweden, and Tuna, grown since 
1852, are two strains which are earlier in flowering than most other strains. 

À few land-races have been developed in the northernmost provinces of ““Norrland”. 
Best known is Kusträsk which has been grown since 191719 and has been tested in 
several field trials. Two other strains, Brukte, grown since 1908, and Nyby, probably 
grown since 1917, are not so well-known. Bjursele has been grown since 1900 and has 
shown up as a very persistent strain in field tests in the area of origin. All these strains 
have a high frequency of small-leafed, prostrate plants. 
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ABSTRACT 


Three newly-developed maize hybrids, Illinois 6021, Illinois 6052, and Illinois 6001 
yield about 30 % more oil, and 10% more protein than present commercial hybrids. 
In addition they are similar to standard hybrids in other agronomic traits. 

In order to make the results of high-oil research available to the public, the Univer- 
sity of Illinois has released nine inbred lines with high-oil or protein content. 


INTRODUCTION 


Breeding for high yields has been very effective. Most of the outstanding maize 
hybrids grown in Illinois 10 years ago have been replaced by better ones. New hybrids 
give greater yields, stand much better, and are more resistant to heavy plant popula- 
tions, diseases and insects. 

We have such an abundance of maize in the United States that 1 believe breeders 
should be devoting more attention to types of maize for special purposes. Some 
effort has been spent along these lines; however, quality has been given far less con- 
sideration than has quantity of grain. 

Waxy maize was developed to meet a critical need for a tapiocalike starch in World 
War IL. Waxy maize contains 100 percent. amylopectin, the branched molecular 
form of starch. 

Efforts are being made to develop a high amylose maize. Such a type would be 
very useful for plastics, cellophane and films. Several hybrids, containing at least 
50 percent. amylose are being grown on an experimental basis. 

Sweet, stalked strains may be more valuable for silage than present strains. Zein is 
being used to produce synthetic fibers for special fabrics. 

New maize hybrids, developed in the Agronomy Department of the University of 
Illinois, yield about 30 percent. more oil and 10 percent. more protein than present 
commercial hybrids. In addition, they are similar to standard hybrids in grain yield, 
standability, and other agronomic traits. Nation-wide use of adapted high-oil hybrids 
would produce almost as much oil as is now obtained from butterfat, soybeans, 
cotton and flax. 

Comparisons in central Illinois of the new hybrids Illinois 6021 and Illinois 6052 
with U.S. 13, a standard hybrid, are shown in Table 1. 
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TABLE 1. PERFORMANCE OF OIL HYBRIDS 


Five-year averages 
Characteristic Illinois Illinois DES: 

6021 6052 13 
Olkinforam A 6.39 6.27 4,77 
BescentMolnt Sis 134 131 100 
Oiliperacrenl bmm 393 390 311 
Protein in grain, % …. 11.06 142 ne 10:24 
Percent: of U:S:13 …… 108 112 | 100 
Protein per acre, lb. . . 679 il 707 665 
Acremieldhbunssm 110 112 | 116 
Moisture in grain, %. . 20 22 20 
Erect plants, % .... 83 | 81 86 


MAIZE OIL HAS MANY USES 


Maize oil is high in energy value for livestock feeding and is a valuable by-product 
of the starch industry. Most of the oil is in the germ of the kernel. The high-oil 
hybrids have a high proportion of germ to endosperm. Consequently, they should 
benefit both the starch industry and livestock feeders. 

High-oil is a more efficient feed for livestock than normal field maize. Oil is a high- 
calorie livestock feed ingredient. One pound of oil supplies about 4,100 calories; it has 
about 24 times the energy of a pound of starch. In feeding trials at the University of 
Illinois, market lambs averaged faster gains on 6 to 7 percent. less feed when they were 
fed the special high-oil maize. Grain from the new hybrids also contains more high- 
quality germ protein than common hybrids furnish. Larger quantities of this nutri- 
tionally balanced protein are expected to mean that less expensive protein supplement 
will be needed to balance future livestock rations. 

The nutritional properties of refined maize oil make it a valuable food. It is easy to 
digest and contains some of the rare oily compounds now classified, like the vitamins, 
among the protective foods. Research on saturated and unsaturated fats, and their 
influence upon cholesterol, have brought maize oil into a favorable dietary spotlight. 
Maize oil can be used in bakery products, cooking oil, oleomargerine, mayonnaise, 
salad dressing, pharmaceuticals, shortening, and soups. Non-food uses of refined 
maize oil include ammunition, chemicals, paint, varnish, rubber substitutes, rust 
preventive, soap, soluble oil, and textiles. Because oil is not assimilated so quickly 
as carbohydrates and proteins, it provides energy to the body over an extended 
period. Certain unsaturated fatty acids in oil are essential for growth, pregnancy, and 
lactation and for the maintenance of normal skin, liver and kidney functions. 


USES OF PROTEIN 


Protein is an expensive but necessary constituent of both food and feed. Its quality 
is fully as important as its quantity. The maize kernel contains two main types of 
protein. One type, found in the endosperm, is primarily zein. Zein is deficient in 
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tryptophane and lysine, which are essential for animal nutrition. However, zein has 
been used to produce “Vicara”, a fiber that is used in blends with wool. The other 
type of protein, which is found in both endosperm and germ, contains both trypto- 
phane and lysine and is biologically balanced. Maize breeders would like to increase 
the percentage of these amino acids in the endosperm protein. The alternative is to 
add them to the diet from other sources, such as soybean meal. 


SELECTION FOR HIGH 
| OIL 


î 
Selection for high oil content has been 


in progress at the Illinois Aaricultorat 
Experiment Station since 1896. Yields of 
these open-pollinated strains are too 
low to be practical for farm planting, B 
oil content has been increased to a 


level almost three times as high as 


the original grain. 
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DEVELOPMENT OF HIGH-OIL AND HIGH-PROTEIN MAIZE HYBRIDS 


Selection for high-oil and protein content has been in progress at the University of 
Illinois for more than 60 years. Oil and protein contents have been increased to levels 
almost twice as high as those of the original grain. However, the yields of these 
open-pollinated strains are too low to be practical for commercial planting (Figure 1). 

The development of the new high-oil hybrids took more than 10 years. Standard 
inbred lines, contributing high yield and standability, were crossed to Illinois high-oil 
and Illinois high protein strains; then the hybrids were back-crossed to both parents. 
Since most of the oil is in the germ, ears bearing kernels with large germs were selected 
in each generation. Selection for high protein content was carried on by retaining ears 
with hard, flinty kernels, a property closely related to high protein content. 

The next step was to evaluate the inbred lines in hybrid combinations. This evalua- 
tion required several years of careful tests and chemical analyses. The better-per- 
forming inbred lines were then combined in many double crosses which were tested 
for several years. Illinois 6021, Illinois 6052, and Illinois 6001 are the better-per- 
forming survivors of these double-cross hybrids. It is believed that still more promising 
material will soon be available. 

The increase of the parental inbred lines took place in 1957. Foundation single- 
cross seed for the production of these hybrids has been available from the Illinois 
Seed Producer’s Association, Champaign, Illinois, U.S.A, since 1958. Double-cross 
seed for farm use has been available since the 1959 growing season (Figure 2). 

In order to make the results of high-oil research available to the public, the Univer- 
sity of Illinois has released the following inbred lines with high-oil or protein content: 
R 75, R 76, R 78, R 84, R 158, R 182, R 193, R 196, and R 197. Hand-pollinated seed 
of these and other released Illinois inbred lines usually is available for a fee in packets 
containing 25-100 kernels. Inquiries may be addressed to the Agronomy Department, 
University of Illinois, Urbana, Illinois, U.S.A. 
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ABSTRACT 


The principal characteristics of maize and its two relatives, teosinte and Tripsacum 
are described. The manifestations of the introgression of teosinte into maize deter- 
mined from experimental cuitures can be recognized in prehistoric maize from Guate- 
mala, Mexico, and the southwestern United States. This introgression, which began 
at least 2,000 years ago, is still proceeding in Mexico where maize and teosinte com- 
monly grow in the same fields and hybridize frequently. Evidence is presented of the 
direct introgression of Tripsacum in several races of maize of South America. The 
introgression of teosinte and 7ripsacum has contributed to the evolution of maize 
through gene recombination, mutagenic effects, and various types of heterotic 
phenomena. The role of introgression in the improvement of maize is discussed. 
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1. INTRODUCTION 


It is becoming more apparent with each year of research that cultivated maize is a 
complex hybrid, the product not only of repeated racial hybridization within the 
species but also of recurrent introgression from two other species: teosinte and 
Tripsacum. The evidence for this comes not from one source but from several: 
archaeology, morphology, genetics, cytology, and systematics. 

1) Presented at a conference entitled “The role of introgressive hybridization in the evolution of 
crop plants and their wild relatives’”’, held at Versailles on 4th January, 1961 by the Section “Wild 
Species and Primitive Forms” of EUCARPIA (European Association for Research on Plant Breeding). 

2) The research reported in this paper was supported in part by a grant from the Rockefeller Foun- 
dation and the publication expenses were borne in part by the Maria Moors Cabot Foundation for 
Botanical Research. IL am indebted to Dr. W. C. GALINAT for several drawings and to Mr. S. M. 
SEHGAL for the photographs in figure 14. 
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The evidence for racial hybridization is discussed in detail in several of a series of 
monographs on the races of maize of the countries of the western hemisphere (34, 30, 
12). Here we are concerned primarily with the evidence for introgression into maize 
from its two American relatives, teosinte and Tripsacum. 


2. CHARACTERISTICS OF PURE MAIZE 


It is doubtful whether among varieties of maize now in existence there is any which 
is completely free of introgression from teosinte' or Tripsacum. Perhaps the only 
“pure” maize known today is the prehistoric maize found in early levels of archae- 
ological sites. Three cobs of an early prehistoric maize — from Bat Cave in New 
Mexico, dated at about 5,600 years — are illustrated in figure 4. Some of the principal 
morphological characteristics of this maize are shown diagrammatically in figure 1. 


Fie. 1. 


DIAGRAMMATIC LONGITUDINAL SECTION 

OE ONE OF THE BAT CAVE COBS SHOWN 

IN FIGURE 4 BASED ON MEASUREMENTS OF 

nd Ne DISSECTED PARTS. THE MOST CONSPICUOUS 

eN A) FEATURES ARE THE SLENDER RACHIS, THE 

Nd ej te) LONG PEDICELS, AND THE RELATIVELY 

; ‚THIN, FOLIACEOUS FLORAL BRACTS: 

Es 7 LOWER AND UPPER GLUMES, LEMMAS, AND 
es PALEAS. DRAWING BY W. C. GALINAT. 
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Early maize, like modern maize, was monoecious; the pistillate spike was polystichous 
and the spikelets occurred in pairs. The functional florets were borne upon long 
rachilae and the kernels were partially or completely enclosed, as they are in other 
cereals, by floral bracts: the glumes, lemmas, and paleas, which were foliaceous. In 
these latter characteristics early maize differs from many varieties of modern maize 
which we now believe to have been contaminated by teosinte or Tripsacum. 

The discovery of fossil maize pollen at a depth of approximately 70 meters below 
the present site of Mexico City (2) proves that wild maize must once have grown in 
Mexico. However, there is evidence which suggests that other geographic races of 
wild maize may have occurred in various parts of the hemisphere (24). 


3. CHARACTERISTICS OF TEOSINTE 


Teosinte, the closest relative of maize, resembles it in many of its characteristics 
(fig. 7). Like maize, it is monoecious but it differs from maize in tillering more freely 
and having distichous instead of polystichous spikes in which the spikelets are solitary 
rather than paired and are completely sessile long rachilae. The kernels are enclosed 
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in hard bony shells consisting of segments of the rachis and lower glumes (fig. 5). 

Teosinte is confined to Central America and Mexico. In Mexico it grows most 
commonly as a weed in and around the maize fields. In parts of Guatemala it occurs in 
a wild or feral state often in large colonies of almost pure stands (14). 

Teosinte has the same chromosome number, 10, as maize and hybridizes readily 
with it to produce highly fertile hybrids in which pairing of the chromosomes appears 
to be regular to a remarkable degree (cf. 26) and in which crossing over between maize 
and teosinte chromosomes is approximately the same with few exceptions as it is in 
corresponding regions of maize (8). 

Teosinte comprises two species which were formerly assigned to a separate genus, 
Euchlaena. Because of the close genetic relationship and similarities in cytological and 
morphological characteristics, my former colleague, Dr. Reeves, and I concluded 
some years ago that teosinte is not entitled to separate generic rank and we proposed 
that its two forms be considered species of Zea: the annual, Zea mexicana; the peren- 
nial tetraploid, Zea perennis (28). Although there has been some objection to this 
change (33) as there is to almost any revision of nomenclature it has been generally 
approved. Recent studies by SHAVER (32) on the segregation of characteristics in 
hybrids of tetraploid teosinte with tetraploid maize carrying genetic markers for 
various chromosomes indicate that maize and teosinte are much more closely related 
than other forms considered to be separate genera and thus provides support for the 
argument that the relationship between maize and teosinte is congeneric. 

Also because of its close relationship to maize and the ease with which the two 
species hybridize, teosinte has been regarded by a number of authorities as the pro- 
genitor of maize. As the result of our own genetic and cytological studies of hybrids 
of maize with teosinte and with Zripsacum, Dr. REEVES and 1 concluded — a con- 
clusion which we have recently reaffirmed (29) — that teosinte is not corn’s progenitor 
but instead is the product of the hybridization of maize and 7ripsacum. This conclu- 
sion has been challenged and the subject is still a controversial one. Consequently 
for purposes of this discussion we shall consider teosinte to be a distinct taxonomic 
entity. We should not, however, ignore the possibility that teosinte is a hybrid of 
maize and Tripsacum and that the introgression of teosinte into maize, which now is 
virtually an established fact, may actually represent a secondary introgression of 
Tripsacum into maize with teosinte serving principally as a bridge over which there is 
a flow of genes between the distantly related genera, Zea and Tripsacum. 


4. CHARACTERISTICS OF Tripsacum 


Tripsacum, the other American relative of maize, comprises nine recognized species 
extending widely throughout the western hemisphere from Paraguay and Bolivia in 
South America to Central America and Mexico into the United States as far north as 
New England (7). Tripsacum is a long-lived, freely-tillering perennial (fig. 8) and a 
truly wild plant. It has higher chromosome numbers, 18 and 36, than maize and 
hybridizes with it only under special circumstances. Tripsacum, like maize, is mon- 
oecious but like teosinte differs from maize in having distichous spikes, solitary, sessile 
pistillate spikelets, and kernels enclosed in hard shells consisting of segments of the 
rachis and lower glumes (fig. 6). 
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5. MANIFESTATIONS OF TEOSINTE AND 7ripsacum INTROGRESSION 


The principal differences in the spikelets of maize, teosinte, and Tripsacum are 
illustrated diagrammatically in figure 2, which shows, as the descriptions set forth 
above have already indicated, that the kernels of maize are partially enclosed in 
floral bracts while those of teosinte and Tripsacum are enclosed in rachis segments and 
lower glumes, the latter thickened and both structures — although the diagram does 
not show it — lignified and strongly indurated, their tissues being about as hard as the 
shells of nuts such as acorns and filberts. 


FIG. 2. 


DrAGRAMMATIC LONGITUDINAL SECTIONS OF MATURE FRUITS OF 
TEOSINTE AND 7ripsacum (2 AND 3) COMPARED WITH A SPIKELET 
OF THE PREHISTORIC BAT CAVE MAIZE (1) DRAWN TO THE SAME 
SCALE. ÍN BOTH TEOSINTE AND 7Zripsacum THE SPIKELETS ARE 
SESSILE, THE LOWER GLUMES ARE THICKENED AND INDURATED 
COMPARED TO THOSE OF PURE MAIZE AND THE TISSUES OF THE 
RACHIS ARE MUCH MORE LIGNIFIED. THESE DIFFERENCES AS WELL 
AS OTHERS PERMIT THE DETECTION OF INTROGRESSION, BOTH 
PREHISTORIC AND MODERN, OF TEOSINTE AND 7ripsacum INTO 
MAIZE 


We know from numerous genetic studies that both teosinte and 7ripsacum in 
hybrids with maize transmit this characteristic of lignification and induration in 
varying degrees to their progeny. Also they do this in exactly the way in which a 
morphologist familiar with the characteristics of all three species would expect them 
to: they cause the tissues of the homologous structures — rachis and lower glumes — 
to become indurated and lignified. Figure 9 illustrates a modern ear of maize which 
has been dissected to show its three principal parts or regions: the rachis (A), the region 
of the glumes and other floral parts (B), and the region of the kernels (C). Various 
studies of hybrids of maize and teosinte have shown that many, if not all, of the chro- 
mosomes of teosinte carry genes which affect the nature of the first two regions, 
especially the induration of the rind of the rachis and the lower glumes. Consequently 
when we find maize with highly indurated tissues of the rachis and lower glumes we 
suspect introgression from either teosinte or Tripsacum since there is no other known 
source from which these characteristics could have been derived. When we find 
specimens which are not only highly indurated but also have distichous spikes and 
single spikelets we are virtually certain that there has been such introgression. It is 
these characteristics which distinguish maize and teosinte, sometimes occurring singly, 
sometimes in combination, which has furnished virtually conclusive evidence of the 
introgression of teosinte into maize in prehistoric times. 
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6. PREHISTORIC INTROGRESSION OF TEOSINTE 


The early prehistoric maize from all sites so far studied from South America, 
Mexico, or the southwestern United States has polystichous spikes, paired spikelets, 
relatively long pedicels, and soft tissues of the rachis and glumes. The maize from 
later levels of these same sites or from later sites includes specimens with indurated 
rachises and glumes similar to certain segregates of maize-teosinte hybrids. Some of 
the more extreme types also exhibit other characteristics of teosinte including single 
spikelets and a distichous arrangement of the spikelets. 

These prehistoric cobs usually bear no seeds and the few kernels which are found 
are not viable so we cannot prove by progeny tests that these specimens with trip- 
sacoidt) characteristics actually represent introgression from teosinte. But what we 
can do and have done quite effectively is to employ a counterpart of one of the 
techniques of the organic chemist who by synthesizing a compound gains a clear 
understanding of its molecular structure. In a similar way we can, in our experimental 
cultures of maize-teosinte hybrids, synthesize specimens which closely match the 
prehistoric ones and in doing so create a strong inference that both are the products of 
hybridization of maize and teosinte. A number of prehistoric specimens suspected of 
resulting from maize-teosinte hybridization and their matching counterparts are 
illustrated in figures 10-12. The resemblance between the prehistorie cobs and their 
modern counterparts of known origin is in some cases quite remarkable. 

Tripsacoid cobs resembling segregates of maize-teosinte hybrids have now been 
found in La Perra Cave in northeastern Mexico (22), Swallow, Tau, Slab, and Olla 
Caves in northwestern Mexico (21), Richards and Tonto Caves in Arizona (10), and 
Bat Cave and Cebollita Cave in New Mexico (25, 11). Additional collections not yet 
completely analyzed but obviously containing tripsacoid cobs have been recovered 
from sites in Colorado, Nevada, and Oklahoma. Highly tripsacoid cobs can also be 
recognized in illustrations of prehistoric specimens from Tularosa Cave in New 
Mexico studied by CUTLER (6) and from the Hueco Mountain Caves in Texas reported 
by COSGROVvE (cf. 10). 

The date at which the introgression of teosinte into maize began has not been accu- 
rately determined but there is one tripsacoid cob from Guatemala dated at 1,600 
2,000 years (35) and tripsacoid cobs make their first appearance in Bat Cave in levels 
II and IV dated by radio-carbon determinations at more than 2,000 years and are the 
predominating type in level V dated at 1907 + 250 years. It seems reasonable to 
conclude that the introgression was already well established with the beginning of the 
Christian era. 

At whatever date it began there is no doubt that new types of maize resulting from 
this introgression spread widely throughout Mexico and the American southwest 
replacing earlier types of pure maize. This change in maize varieties may well have 
had profound effects upon the evolution of human cultures in these same regions. 


1 This useful term invented by ANDERSON and ERICKSON (1) describes in a single word any com- 
bination of characteristics in maize which might have been derived from teosinte or Tripsacum. 
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7. PRESENT-DAY INTROGRESSION OF TEOSINTE 


The introgression into maize of teosinte, for which the archaeological collections 
furnish such abundant evidence, is still going on. Hybrids of maize and teosinte have 
been encountered in Mexico and Guatemala by all observers who are qualified to 
recognize them (cf. 23). The F, hybrids are usually vigorous and fertile and are easily 
backerossed to either parent. As a consequence there is a constant gene flow between 
the two species — a flow which moves in both directions. One result is that the teosinte 
of Mexico, where it grows as a weed in the maize fields and where the opportunities 
for hybridization are at a maximum, has become quite maize-like in virtually all of 
its characteristics except the pistillate spikes and the structures enclosing the kernels. 
In the vicinity of the village of Chalco, for example, teosinte plants have the same 
plant coloration and the same pilose leaf sheaths as the predominating maize of the 
area (5). Today even the keen eyes of the native Indian maize growers can no longer 
distinguish teosinte plants from maize plants growing in the same field until they 
flower and the nature of their pistillate inflorescences becomes apparent. Since the 
teosinte seeds are not usually harvested but fall to the ground where they remain 
dormant until the onset of the next rainy season, teosinte plants may reach a high 
frequency in the maize field, sometimes exceeding the maize plants in number. [ once 
classified 500 consecutive plants in a maize field near Chalco in Mexico and among 
them counted 219 teosinte plants and three F‚ maize-teosinte hybrids (18). Recently 
JOHNSON!) has reported that in the area near Amecameca, a village about 18 kilometers 
northeast of Chalco, one third to two thirds of the plants in the field are obviously 
not “pure” corn. The farmers of this region have now adopted the practice of cutting 
out off-type plants in their maize fields but they do this only after the plants have 
flowered and pollen has been shed. Since the hybrid plants are extremely heavy pollen 
shedders, the gene flow between the two species continues freely. 

In situations such as this there is some question whether teosinte should be accorded 
even the specific rank which we have assigned to it. A more realistic classification 
would say that here maize and teosinte represent a single dimorphic species in which 
one component is preserved by man and the other by nature. 


8. CYTOLOGICAL EVIDENCE OF TEOSINTE INTROGRESSION 


All varieties of teosinte have deeply staining heterochromatic regions called “knobs” 
on their chromosomes. The number of these knobs varies from fourteen or fifteen in 
the least maize-like varieties of teosinte from Guatemala to four in the most maize- 
like teosinte from Mexico. Many modern varieties of maize also have chromosome 
knobs varying in number from one to sixteen. In maize there is a strong and positive 
correlation between the number of chromosome knobs and estimates of the amount 
of teosinte introgression based on tripsacoid characteristics. The races of maize of 
Mexico and other countries which are classified as ancient and primitive have relatively 
low knob numbers while those which are tripsacoid usually have high knob num- 
bers (34). 

MANGELSDORF and CAMERON (20) showed some years ago that in the maize of 
western Guatemala the number of chromosome knobs is associated with several 

1) Personal communication. 
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characteristics which may have been derived from teosinte, including denting of the 
kernels, fibrous seminal root systems, resistance to shattering, lodging, and smut 
infection. BROWN (3) found high knob numbers to be positively correlated with a 
number of these same characteristics but not with all. These correlations are consistent 
with the hypothesis that the original maize had knobless or nearly knobless chromo- 
somes and that the chromosome knobs of modern varieties of corn have been derived 
from teosinte or possibly in some cases directly from Tripsacum. Thus the number of 
chromosome knobs, like the degree of induration of rachis and glume tissues, may be 
regarded as one measure of the amount of teosinte introgression in the varieties of 
maize of Central America, Mexico, and the United States. This correlation does not 
apply in the races of maize of South America where, as will be pointed out later, there 
may have been some direct introgression from species of Tripsacum with relatively 
knobless chromosomes (23). 

There is no doubt that the knobs of teosinte can be transferred to maize through 
hybridization. Cytological studies by TING of modified strains of the inbred A 158 
in which chromosomes or parts of chromosomes of teosinte have been incorporated 
through repeated backcrossing have shown that knobs were introduced from chro- 
mosomes l, 2, 3, 5, 8 and 9 of Durango teosinte and from chromosome 4 of Nobogame 
teosinte (cf. 23). 


9. INTROGRESSION OF 7ripsacum 


If teosinte is indeed a hybrid of maize and Zripsacum as we have postulated then 
the introgression from teosinte, which we have been discussing above is actually, as 
1 have already suggested, a secondary introgression from Zripsacum. This is still an 
hypothesis and not an established fact. However, there is now good evidence of the 
direct introgression of Tripsacum into maize in several of the countries of South 
America. The evidence for this is of two kinds: a. tripsacoid characters in races of maize 
which have not been in direct contact with teosinte; b chromosomes with tripsacoid 
effects extracted from races of maize far removed from contact with teosinte. 

There are at least three races of maize in South America which are highly tripsacoid: 
Maiz Amargo of Argentina (cf. 23), Coroico of Bolivia which in Peru is called Piricinco 
(cf. 12), and the Chococefo of Colombia. All of these races are characterized by highly 
indurated rachises and glumes and by other tripsacoid characters as well. Maiz Amargo 
has numerous tillers, strongly hispid leaf sheathes, thick drooping leaves, and is 
somewhat resistant to the attacks of grasshoppers. Coroico is characterized by ex- 
tremely long slender ears and a peculiar interlocking arrangement of the spikelets which 
results from the fact that the spikelets are widely spaced on the vertical axis, a Tripsacum 
characteristic. This interlocking produces ears with odd numbers of rows of kernels, a 
feature which earlier botanists regarded as an impossibility since the spikelets of maize 
occur in pairs and therefore the number of rows of kernels is normally a multiple of two. 

Chococefio, the third tripsacoid race, is in some respects the most unusual race of 
maize in this hemisphere, not only in its characteristics but in the fact that it is grown 
under the most unfavorable conditions without any preparation of the soil or sub- 
sequent cultivation. Chococefo is the principal race of the Chocó region of Colombia 
where rainfall sometimes exceeds 400 inches annually. Fields are prepared by cutting 
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down the small trees and brush; the seed is scattered among the debris and germinates 
on the surface of the soil. The plants grow up through the branches of the cut vegeta- 
tion (30). 

To succeed under these primitive conditions, the maize must have characteristics 
not usually found in this species and this race is highly tripsacoid. It has tough slender 
stalks, numerous tillers, and narrow drooping leaves. It has the general aspect of 
certain segregates of maize-teosinte hybrids but since teosinte does not occur in this 
region and Tripsacum is common, often growing in the same fields with the maize and 
flowering at the same time, it seems probable that this peculiar race is the product of 
hybridization of maize and Tripsacum (30). 

Chromosomes have been extracted from Maiz Amargo and Coroico and several 
other South American races by repeated backcrossing to the inbred strain, A 158, 
practising selection for stiff, indurated glumes in each generation. These chromosomes 
have effects quite similar to those extracted from teosinte by the same procedures. 
Yet teosinte is unknown in South America and the races of maize from which these 
chromosomes with tripsacoid effects have been extracted are apparently not related 
to the races of Central America and Mexico which exhibit admixture with teosinte. 
Consequently among entities still in existence the only possible source of the trips- 
acoid characteristics is Tripsacum itself which is widely distributed in the countries of 
northern South America. The only apparent alternative to this conclusion is to assume 
that there once existed a race of wild maize with indurated tissues and that this race 
is now extinct. An hypothesis which involves a known and existing entity such as 
Tripsacum seems to me preferable to one which resorts to an unknown progenitor now 
extinct. Furthermore the hypothesis involving 7ripsacum is now all the more plausible 
since it has been shown that some South American varieties of maize hybridize fairly 
readily with Tripsacum (9) and that in hybrids of maize and Tripsacum there is at 
least some crossing over between the chromosomes of the two species (15). 

The photographs in figure 14 prepared by one of my graduate students, Mr. 
SURINDER M. SEHGAL, show how extracted chromosomes from two South American 
races of maize, Maize Amargo and Coroico, affect the structures of the cob. The 
effects are equal to or perhaps even greater than those of chromosome 4 from Florida 
teosinte which is known from earlier experiments to rank first among the ten teosinte 
chromosomes in its effects upon the structures of the ear (16, 31). 


10. THE ROLE OF INTROGRESSION IN THE EVOLUTION OF MAIZE 


The introgression of teosinte and Tripsacum has played several roles in the evolution 
of maize. One obvious result of such introgression has been the production of new 
genotypes through genetic recombination, some of which have been superior to the 
original maize in various respects. It seems to me improbable, for example, that the 
large modern ear of maize could have evolved until after hybridization with teosinte 
which contributed genes for induration and lignification thus providing strength for 
a greatly enlarged structure. On this point I once expressed the following opinion (17): 


The elements of strength necessary to support this greatly enlarged inflorescence have come 
from teosinte, which contributed genes for hardness and toughness when it is hybridized with corn. 
Teosinte is to the modern ear of corn what steel is to the modern skyscraper. 
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Other characteristics which may have been transmitted to maize through gene 
recombination are resistance to heat and drought, to certain diseases, and even to 
insect damage. It seems highly probable that the resistance to grasshoppers of Maiz 
Amargo is due, as HOROWITZ and MARCHIONI have suggested (13), to introgression 
from Tripsacum. CERVANTES et al. (4) have recently found a remarkable correlation 
between the estimates of teosinte introgression made by WELLHAUSEN et al. (34) and 
susceptibility to a virus disease, “stunt”, which is transmitted by a leaf hopper. 

The second effect of introgression from teosinte and Tripsacum has been to increase 
the mutability of maize. For some years we have been introducing chromosomes of 
several varieties of teosinte into an inbred strain of maize through repeated back- 
crossing. The original purpose of this experiment was to determine, by comparing the 
modified strains with the original, what kind of genes are carried by the introduced 
chromosomes and whether different varieties of teosinte are similar in the genic 
constitution of their chromosomes. An unexpected result of the experiment, now 
overshadowing its original purpose, has been the discovery that the introduced chro- 
mosomes have mutagenic effects (19). In some lines mutations have occurred in seven 
to nine percent of the plants. The mutations so far detected have all been deleterious 
but there is reason to believe that beneficial mutations also occur especially if some of 
the mutations are the result, as they may well be, of deficiencies resulting from unequal 
crossing over, a phenomenon which would be expected to give rise also to minute 
duplications. The duplications would not usually be detectable but might represent 
useful new building blocks of evolution. 

It is of particular interest to note that chromosomes extracted from tripsacoid 
South American varieties have mutagenic effects similar to those introduced from 
teosinte and that some of the mutations produced are genetically identical with those 
produced by teosinte chromosomes (19). 

A third effect of teosinte and 7ripsacum introgression is to introduce B aiional 
heterosis into maize thus contributing to making maize one of the most heterotic 
of cultivated plants in which the heterosis is not due to allopolyploidy. One of my 
graduate students, Mr. ALEXANDER GROBMAN, has pointed out that some varieties of 
modern maize may involve five different categories of heterosis. These are a. heterosis 
resulting from the interaction of the genes of different races of maize; b. heterosis 
involving interaction between teosinte and maize genes; c. heterosis produced by the 
interaction between Tripsacum and maize genes; d. heterosis resulting from the 
interaction of genes from teosinte and Tripsacum; e. heterosis involving different 
species or geographic races of Tripsacum which have contributed genes to modern 
maize. Figure 3 and 13 show how several of these categories of heterosis have con- 
tributed to the evolution of maize in prehistoric times and how drastically maize has 
been changed in some 5,600 years. 


11. INTROGRESSION AND THE IMPROVEMENT OF MAIZE 


This conclusion with respect to heterosis has important implications for the present- 
day improvement of maize. It suggests that the maximum heterosis in hybrid maize 
may be obtained by producing the optimum combinations of genes introduced into 
maize at various times and places through the introgression of its two relatives, teosinte 
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FIG. 3. ONE OF THE EARLY BAT CAVE COBS COMPARED TO A MODERN EAR OF CORNBELT MAIZE (LEFT) AND 
A LARGE SEEDED PERUVIAN FLOUR MAIZE (RIGHT). EXTREMELY RAPID EVOLUTION HAS BEEN IN- 
VOLVED IN PRODUCING SUCH DRASTIC CHANGES EVEN IN 5,600 YEARS, THE ESTIMATED DIFFERENCE 
IN THEIR AGE. CONTRIBUTING TO THIS RAPID EVOLUTION HAS BEEN INTROGRESSION FROM TEO- 
SINTE AND 7ripsacum WHICH HAS CREATED NEW GENOTYPES THROUGH GENETIC RECOMBINATION 
AND MUTAGENIC EFFECTS AND HAS PRODUCED HIGH LEVELS OF HETEROSIS RESULTING FROM THE 
INTERACTION OF GENES FROM THREE DISTINCT SPECIES. FROM MANGELSDORF, Proc. Amer. Philos. 
Soc. 102, No. 5. 1958. 


and Tripsacum. WELLHAUSEN ef al. (34) have shown that the more productive races of 
maize of Mexico such as Tuxpeïio and Celaya are races in which teosinte introgression 
has occurred, not once but several times, in the course of their evolution. By bringing 
together the germplasm of such races as well as that of South American races which 
have undergone introgression directly from Tripsacum, the modern maize breeder may 
be able to develop new types of hybrid maize which are superior in productiveness and 
other characteristics to the excellent hybrids which are already being so widely grown. 
Also improved hybrids for certain purposes may be produced by the actual introduc- 
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tion of teosinte and Tripsacum germplasm into the inbred strains employed in hybrids 
(27). 


The exploitation of past introgression of teosinte and Tripsacum into maize and the 


controlled introgression through additional hybridization offer promising opportuni- 
ties which are yet to be fully appreciated and explored. 
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FIG. 4. THREE COBS OF PREHISTORIC MAIZE FROM BAT CAVE IN NEw 
MEXICO COMPARED WITH AN AMERICAN ONE-CENT PIECE WHICH 
HAS A DIAMETER OF APPROXIMATELY 2 CM. RADIOCARBON 
DETERMINATIONS OF ASSOCIATED CHARCOAL DATE THESE COBS AT 
ABOUT 5,600 YEARS. 8/10 NATURAL SIZE 


FIG. 5. PISTILLATE SPIKES OF TEOSIN- 
TE. THESE ARE DISTICHOUS AND BEAR 
SINGLE SPIKELETS. THEY ARE FRAGILE 
AND DISARTICULATE WHEN MATURE. 
THE SPIKELETS ARE SESSILE AND THE 
KERNELS ARE ENCLOSED IN SHELLS 
CONSISTING OF RACHIS SEGMENTS AND 
LOWER GLUMES. (FROM Texas Agric. 
Exp. Bull. 574). 


FIG. 6. PART OF THE PISTILLATE PORTION OF A SPIKE OF Tripsacum dactyloides. IN Tripsacum, AS IN 
TEOSINTE, THE SPIKE IS DISTICHOUS, THE SPIKELETS ARE SOLITARY AND SESSILE, AND THE KERNELS 
ARE ENCLOSED IN INDURATED SHELLS CONSISTING OF RACHIS SEGMENTS AND LOWER GLUMES. 
(FROM Texas Agric. Exp. Bull. 574). 
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FIG. 7. 


PLANT OF TEOSINTE, Zea mexicana, THE CLOSEST RELATIVE OF MAIZE WHICH OCCURS 
IN MEXICO, GUATEMALA, AND HONDURAS. (From Texas Agric. Exp. Bull. 574) 
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Fig. 8. 


PLANT OF Tripsacum dactyloides ONE OF THE NINE SPECIES OF A GENUS RELATED TO 
MAIZE WHICH IS WIDELY DISTRIBUTED IN AMERICA FROM BOLIVIA AND PARAGUAY IN 
SOUTH AMERICA, THROUGH CENTRAL AMERICA and MEXICO, AND NORTHEAST TO 
CONNECTICUT IN THE UNITED STATES (Courtesy Texas Agric. Exp. Station) 
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FIG. 9. A MODERN EAR OF MAIZE DISSECTED TO SHOW ITS THREE PRINCIPAL REGIONS. Á, RACHIS. 
B, GLUMES AND OTHER FLORAL PARTS. C, KERNELS. INTROGRESSION FROM TEOSINTE AFFECTS 
ESPECIALLY THE INDURATION OF THE RIND OF THE RACHIS (À) AND THE LOWER GLUMES IN 
REGION B 


Fic. 10. COBS FROM UPPER LEVELS OF BAT CAVE. THE THICKENED INDURATED LOWER GLUMES AND 
THE HIGHLY INDURATED RACHIS TISSUE ARE INDICATIVE OF TEOSINTE INTROGRESSION. COBS 
EXHIBITING TEOSINTE INTROGRESSION BECOME THE PREDOMINATING TYPE IN LEVEL V OF THIS 
CAVE WHICH IS DATED BY RADIOCARBON DETERMINATIONS AT 1907 + 250 YEARS. FROM 
MANGELSDORF AND SMITH (25) 
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PREHISTORIC COBS FROM CEBOLLITA CAVE IN NEw MEXICO. THE LOWERMOST SPECIMEN, 
A CARBONIZED EAR FROM THE LOWEST LEVEL OF THE CAVE, SHOWS NO EVIDENCE OF 
TEOSINTE INTROGRESSION. THE REMAINING SPECIMENS ARE ARRANGED IN PAIRS. THE 
LEFT MEMBER OF EACH PAIR IS A PREHISTORIC COB WHICH APPEARS TO BE THE PRODUCT 
OF INTROGRESSION FROM TEOSINTE. THE RIGHT MEMBER OF EACH PAIR IS A MATCHING 
COUNTERPART SELECTED FROM EXPERIMENTAL CULTURES OF MAIZE-TEOSINTE HYBRIDS, 
ARTIFICIALLY AGED. FROM GALINAT AND RUPPE (11) 
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FOUR PREHISTORIC TRIPSACOID COBS FROM RICHARDS CAVE IN ARIZONA (LEFT 
MEMBER OF EACH PAIR) WITH MATCHING MODERN COUNTERPARTS SELECTED 
FROM EXPERIMENTAL CULTURES OF MAIZE-TEOSINTE HYBRIDS. FROM GALINAT 
et al. (10) 
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Fia. 13. PREHISTORIC COBS FROM SWALLOW CAVE ILLUSTRATING AN EVOLUTIONARY SERIES 


A and B, pure maize from the lower levels. C, a tripsacoid cob exhibiting teosinte intro- 
gression and hybrid vigor. D, an eight-rowed race introduced from South America 
exhibiting Tripsacum introgression and hybrid vigor. E and F, cobs from upper levels which 
may represent the product of four kinds of heterotic effects resulting from: (1) interaction 
between the genes from different races of maize; (2) heterotic interaction between Tripsacum 
and maize genes; (3) heterotic interaction between teosinte and maize genes; (4) interaction 
between teosinte and Tripsacum genes. 


FIG. 14. 


PAUL C. MANGELSDORF 


ANATOMICAL EVIDENCE OF THE INTROGRESSION OF 7ripsacum INTO MAIZE. 


A, longitudinal section of a cob of the inbred strain A 158. B, similar section of a modified 
strain of A 158 in which chromosome 4 of maize has been replaced by chromosome 4 of 
teosinte. C, similar section of a strain of A158 in which an extracted chromosome from the 
Bolivian race, Coroico, has been introduced. D, the same except that the introduced chromo- 
some was derived from the Argentinian race, Maiz Amargo. Note that B, C, and D are quite 
similar and differ from A in the wider spacing of the spikelets, the thickening of the floral 
axis and the shortening of the rachilla on which the spikelet is born. Since teosinte is unknown 
in South America, the tripsacoid characteristics of C and D are attributed to Tripsacum 
introgression. Sections and photographs by S. M. SrHGaAL. Magnification X3.5 
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ABSTRACT 


On the basis of physiological work, a cut leaf test was developed by which the frost 
resistances of a range of the tuber-bearing Solanums were determined. The test, 
enabling the resistances of thirty cut leaves to be tested during each freeze, was so 
designed that any variations, which might have arisen from different levels of super- 
cooling, were avoided. During the tests prechilled material was cooled, at a rate of 
2°C/hour, to a desired temperature. At this limit the temperature was held constant 
until the material had been below 0°C for a period of six hours. A rapid thaw was 
then given and the percentage injuries of the leaves were estimated after a period of 
recovery. After a number of tests, at temperatures from —2 to —-6°C, a numerical value, 
the frost killing temperature was given to each. plant. 

The use of the test is limited, for it was shown that the resistances of a chrono- 
logical series of leaves vary considerably; greatest resistance is present in the central 
leaves. The ranges of resistance shown by identically genetical plants is considerable; 
such variation might be reduced by means of controlled growth conditions. 

The effect of the rate of thawing upon subsequent injury was also investigated. No 
appreciable differences between rapidly and slowly warmed leaves were apparent, yet 
the latter treatment produced greater uniformity in the rise and fall of resistance as the 
leaf passes from youth to maturity. 


INTRODUCTION 


Plant breeders, in striving, so far unsuccessfully, to produce a good yielding, disease 
and virus resistant potato capable of withstanding late spring and early autumn frosts, 
have unanimously concluded that frost resistance is governed by no simple hereditary 
mechanism. This fact is hardly surprising when it is remembered that ability to with- 
stand extracellular ice formation is an exceedingly labile protoplasmic property which 
is markedly influenced by environmental conditions and which varies according to the 
age of the plant (LevirT, 1956). Advances in the field of genetical inheritance are not 
likely to be made unless economic approaches to the subject, in which crosses are 
necessarily restricted to those which may be of importance in the production of a hardy 
potato, are temporarily forsaken. In the past the few theories of frost inheritance have 
generally been developed from crosses made between Solanum tuberosum and S. acau- 
le, the most resistant species of wild potato. Such crosses, however, are effective only 
when S. acaule is used as the female parent, or when the chromosome number of the 
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wild species is duplicated. Such procedures, leading to a preponderance of nuclear 
material, if octaploid S. acaule is used, and of cytoplasm from the resistant species in 
the F‚ generation, may explain why some workers (MASTENBROEK, 1954) consider 
that resistance is inherited as a dominant character, which depends on several in- 
dependently inherited genes. Quite clearly extensive reciprocal crosses are needed 
between compatible species of Solanum which differ markedly in frost resistance, 
for it would now be beneficial to determine whether or not cytoplasmic inheritance is 
of importance in this complex hereditary mechanism. 

The experimental tests for such investigations will differ from those used by plant 
breeders in so far as susceptible, as well as resistant, material must be available for 
repeated tests and for further breeding work. The production of clones for artificial 
freezing tests on whole plants is, however, a somewhat lengthy procedure and hence a 
reliable cut leaf test, whereby only one or two leaves of the plant need be sacrificed 
during each freeze, would be of immense value. The limitations of such a test, de- 
signed to bring out differences between closely related siblings, will be discussed in this 


paper. 


THE DEVELOPMENT OF THE CUT LEAF TEST AND ITS APPLICATION TO A RANGE OF THE 
TUBER-BEARING SOLANUMS 


Since the time when BUKAsOv (1932) recorded the frost resistance of various strains 
of potato grown in the field, many artificial freezing tests have been devised. Apart 
from the method of RZAVETIN (1936), in which the electrical resistance of diluted 
extract from previously frozen plants was estimated, the tests have all been developed 
along the traditional lines of freezing cut leaves (STELZNER, 1938; SwIEZYNSKI, 1956) 
or whole plants (RZAVETIN, 1936; HAWKES, 1945; MASTENBROEK, 1956) and of esti- 
mating injury visually, either immediately after the freeze or after a period of recovery. 
In the majority of tests hardened and/or precooled material was used and precautions 
were taken to prevent supercooling either by enclosing pinnae within damp filter 
paper (STELZNER, 1938) or spraying, followed by sprinkling with ice crystals (HAw- 
KES, 1945). STELZNER, never really satisfied with the use of his cut leaf test, later re- 
verted to the use of whole plants. It remained to be seen whether or not the failure of 
the German worker’s cut leaf test was due to irregularities in the time of inoculation of 
the leaves or to some other phenomenon. 

The fact that resistant and non-resistant species cannot be distinguished unless 
inoculation by ice crystals occurs at a relatively high temperature, approximately 
—1°C, has been demonstrated by the present writer (HUDSON, unpubl.) and led to the 
use of a new experimental technique whereby the ends of the petioles of cut leaves were 
placed within a dish of crushed ice at the beginning of each freeze. With such proce- 
dures all possibilities of supercooling are avoided. When the rate of cooling below 
0°C is slow (approximately 2°C/hr.) then freezable water, in both resistant and non- 
resistant species, congeals between —0.5°C and —3.0°C. Below this temperature no 
further ice formation has been detected. Physiological work on the subject has shown 
that resistance is exhibited when available water can move to the outer regions of the 
petiole before it freezes. The high permeabilities and cell sap concentrations of hardy 
plants would favour such a movement. In frost susceptible plants, on the other hand, 
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numerous isolated masses of ice are formed, during freezing, within the cortex and 
appear to cause much mechanical damage. Thus two essential requirements of an 
artificial freezing test are an early inoculation of the tissues and a slow rate of cooling 
during the freeze. Of the two variables, time and temperature, time was maintained 
constant during the tests and temperature varied. This method, greatly facilitating 
routine experimentation, is probably the most satisfactory for species differentiations. 


MATERIALS AND METHODS 


Tests were carried out on many species of Solanum during the spring of 1958. The 
plants, which had been growing in a moderately cool greenhouse during the winter, 
were hardened in a frame, whose temperature was not allowed to fall below 3°C, for 
two weeks before experimentation. On the eve of an experiment two leaves were cut 
from each of the fifteen plants whose resistances were to be determined. Fairly mature 
leaves were selected; those showing signs of aging and those in the process of develop- 
ing were avoided. The ends of the thirty cut leaves were immediately placed in tubes of 
water and in the laboratory the cut ends were inserted through holes in the perspex top 
of an aluminium, water-filled, tray. The tray was then transferred to a glass vessel and 
the apparatus (Fig. 1) was left overnight in a deep freeze regulated at 1 °C. The follow- 
ing morning crushed ice was placed in the aluminium tray. The temperature of the 
deep freeze was then lowered progressively at the rate of 2°C/hour by means of an 
adapted Cambridge Temperature Controller and Recorder until a copper-constantan 
thermocouple, within the glass vessel, indicated that the required temperature limit 
has been reached. At this stage an on/off thermistor bridge, which controlled the heat 
generated below the lid of the glass vessel and which enabled the temperature to be 
maintained at a specific level within 0.1°C, was brought into action. Two fans, one 
on the outside and one placed within the glass vessel, prevented air stratification. The 
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freeze, timed from when the environmental temperature of the leaves reached 0°C, 
was continued for six hours. At the end of this period the apparatus was removed 
from the deep freeze and warmed at the rate of 24°C/hour. The leaves were left in a 
humid atmosphere overnight and the following morning the percentage damage of 
each leaf was estimated by eye. The mean damage recorded for leaves taken from one 
plant was then determined. If, as was sometimes found, the percentage damages of 
the two leaves exceeded 50, then more leaves from the same or from a genetically 
similar plant were tested at the same temperature. 

In the first instance the routine experiments were conducted at -2°C. Those plants 
which succumbed to the frost received no further attention; those which received less 
than 50 % injury were then tested at a lower temperature. This procedure of elimination 
was continued until the leaves of the hardiest species, S. acaule and S. commersonii, 
were lethally damaged when frozen at —6°C. By this method of elimination it was 
finally possible to give a numerical value of hardiness, the “frost killing temperature”, 
to each Solanum species. This value is the temperature, expressed in °C, at which 50 % 
killing is produced (LevirT, 1956). 

In the subsequent results the bracketed numbers, following the specific names, 
refer to collection data. 2477/3 is, for example, a seedling (No. 3) from the Common- 
wealth Potato Collection, number 2477. An H before the number indicates that the 
material belongs to HAWKES collection at Birmingham. 


Results 


The series of tests enabled the species to be divided into four groups. The first, and 
largest, group was that in which the frost killing temperatures of the plants was not 
lower than —2. It included S. chacoense (H85, H 86), S. guerreroense (2475), S. infundi- 
buliforme (24771/2), S. pinnatisectum (2300). S. polytrichon (2305), S. spectabile (H 76/2) 
and many of the plants tested from the Tuberosa group. S. canasense (H 34/4), S. mi- 
crodontum subsp. gigantophyllum (H Sla, H130, H153, H 154), S. gourlayi (2480), 
S. leptophyes (1774/2, 2452, H 53/2), S. marinasense (H 66), S. microdontum (2481/9, 
H 106/3), S. multidissectum (H 48/1), S. oplocense (2116), S. X setulosistylum (H 41/2), 
S. sparsipilum (H 33/1) and S. sucrense (2058/1) were among the least resistant of the 
wild Tuberosa group. Amongst the cultivated Tuberosa series occurred $. goniocalyx 
(1508), S. stenotomum (322, 494, 686, 1674), S. tuberosum subsp. andigena (2412/1, 
2437/3, 2446, 2504) and S. tuberasum subsp. tuberosum (var. Dr MelIntosh). 

In the second group were included species which succumbed to frost between —2 and 
—3°C. The group contained the wild piants S. demissum (2059, 2449), S. microdontum 
subsp. gigantophyllum (H 141), S. sambucinum (2313/1) and S. sparsipilum (533/2), as 
well as S. ajanhuiri (201), S. x chaucha (402, 2153, 2219), S. phureja (1776), a slightly 
resistant strain of S. stenotomum (1855) and S. tuberosum subsp. andigena (2159, 
2401/1, 2436/8, H 45/1). 

Those plants placed in the third group received 50% injury when the freeze was 
conducted at temperatures between —3 and —4°C. The group included S. megistacro- 
lobum (2482), S. raphanifolium (2079/4, H 28) and S. kurzianum (H 61/2). 

Solanum commersonii subsp. malmeanum and S. acaule fell into the fourth and most 
resistant group of Solanums. Apparent variations in resistance were marked in strains 
of S. acaule; a few lines, H 20/1 and H 146, succumbed to frost above —5°C whilst 
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others (H 51/6, H 113/3, H157/1, H 157/2, H145/2 and H 145/3), of a more tolerant 
nature, gave frost killing temperatures which exceeded —6. 


The grading of the Solanum species as a result of the cut leaf test seemed moderately 
successful and although some species, especially S. demissum and S. ajanhuiri, failed 
to exhibit previously reported resistance (RZAVETIN, 1936; HAWKES, 1945) there was 
an overall harmony with the results of earlier workers. However, from the viewpoint 
of a geneticist, concerned only with the mode of inheritance of frost tolerance, the 
variations in resistance between isolated leaves, taken from the same plant, were too 
great to be ignored for such inconsistencies in response would obscure any true 
groupings within a collection of siblings. It was of fundamental importance to know 
why the discrepancies had arisen and wether or not they could be eliminated by a 
modification in experimental technique. For this purpose a series of experiments was 
undertaken in which the resistances of chronological series of leaves were determined 
and in which the effects of slow and fast rates of cooling upon subsequent survival 
were compared. (For a review of the literature the reader is referred to LevirT, 1956). 


THE EFFECTS OF LEAF AGE AND OF THE RATE OF THAWING UPON THE DEGREE OF FROST 
INJURY RECEIVED BY CUT LEAVES OF Solanum acaule AND S. tuberosum 


Material and methods 


The experiments, conducted during the winter months of September and October 
1958, were carried out with clonal plants of S. acaule (H 51/19) and S. tuberosum (var. 
Dr. Melntosh). The plants had been growing in a greenhouse during the summer but 
were not, as in previous experiments, placed outside for a length of time before being 
tested. The tests were conducted in a manner similar to that which had previously been 
used. Successive leaves were cut from shoots of one or more plants on the eve of an 
experiment. The cut leaves were then placed in the apparatus, the apparatus was 
transferred to the deep freeze, set at 1°C, and the leaves were left at this temperature 
overnight. On the morning of the test crushed ice was placed within the aluminium 
tray and the temperature of the apparatus was lowered at the rate of 2°C/hr. The 
thermistor control was brought into action when the temperature within the glass 
vessel had attained the frost killing temperature of the leaves i.e. -2°C for S. tubero- 
sum and —5°C for S. acaule. The leaves were kept at these temperatures until they had 
been below 0°C for a period of six hours and then a slow thaw, giving a rate of war- 
ming of 2.5°C/hour, or a rapid thaw, of 25°C/hour, was given. At the end of the thaw 
the leaves were left in a humid atmosphere overnight and the percentage injuries 
estimated the following morning. 


Results 


During the series of experiments tourteen shoots from S$. tuberosum plants were 
tested. The youngest leaf chosen was that which had most recently developed into a 
unit separated spatially from the bud. The percentage injuries received by the leaves 
of each shoot after rapid and slow thawing rates are shown in Figs. 2 and 3. The 
graphs revealed a marked variability in the resistances of leaves of one shoot. When 
leaves were rapidly thawed (Fig. 2) there appeared to be no uniform change in resis- 
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tance with leaf age, yet certain trends appeared to be present when leaves were thawed 
more slowly (Fig. 3). Orthogonal functions were used to analyse the graphs and for 
each analysis the first seven leaves of the plants were considered. In the case of rapidly 
thawed leaves, graphs B, E‚ F and G showed no significant trends. Only graphs A and 
C were significant curves; the former with linear (p —= 1-5%) and the latter with 
quadratie trends (p = 1-5%). (The six leaves of shoot D also showed a quadratic 
trend, the greatest resistance being present in the central leaves). This tendency, to- 
wards a rise and fall in the resistance of a leaf during its life history, becomes more 
evident when we consider the graphs, four of which (K‚ L, M and N) are significantly 
quadratic, for slowly cooled leaves. (The branches used for graphs M and N, although 
taken from the same plant and although tested on the same day, did not show the 
same degree of resistance). Graphs H, Tand J do not indicate such a uniform reaction 
to frost. 

The results did not yield such marked trends of resistance as were expected. Certain 
points, however, are clarified by the observations. It appears that the rate of thawing 
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FIG. 4. THE PERCENTAGE INJURIES RECEIVED BY CHRONOLOGICAL SERIES OF LEAVES OF S. acaule AFTER 
A FREEZE AT —5°C FOLLOWED BY A RAPID THAW (25°C/HOUR) 
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does not affect the overall injury by a group of leaves taken from one shoot. A rapid 
thaw, however, produces greater variation within a chronological series of leaves than 
does a slow thaw. It would seem that if warming is slow, then greatest resistance is 
generally exhibited by leaves of intermediate age. 

The sudden decline in frost tolerance observed when leaves of S. tuberosum attain 
maturity is also evident in the results obtained with S. acaule. Here, because of the 
complexity of the branching systems, the plants tested are represented in diagrammatic 
form, the injury which each leaf received being placed in the position of that leaf. The 
leaves of six plants in all received consideration. Diagrams A, B and C (Fig. 4) re- 
present the three plants whose leaves were rapidly warmed, at the rate of 25°C/hour, 
and diagrams D, E and F (Fig. 5) illustrate the damage received when the leaves of 
the three plants were slowly thawed. (It is to be noted that the percentage damages 
given represent the sums of the basal and of the peripheral injuries in the leaflets. Basal, 
or translucent, injury occurred more frequently in the younger leaves, but it rarely 
exceeded 20 %). Graphs A, B and D, each showing an increase of injury with age, give 
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Fig. 5. THE PERCENTAGE INJURIES RECEIVED BY CHRONOLOGICAL SERIES OF LEAVES OF S. acaule AFTER A 
FREEZE AT —5°C FOLLOWED BY A SLOW THAW (2.5 °C/HOUR) 
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one the impression that the youngest leaves of S. acaule are relatively frost tolerant. 
In graphs C and F, however, a tendency towards a quadratic course of resistance is 
again evident. The results, as before, give indications that clonal plants may behave 
differently in their reactions to frost. The resistance of plant A is greater than that of 
plant C; D, similarly, shows greater hardiness than does plant F. It appears, as with 
S. tuberosum, that a faster rate of thawing does not cause a significantly greater in- 
crease of injury in S. acaule. 


DISCUSSION 


In dealing with all biological problems one is invariably faced with difficulties 
arising from variability within genetically homogeneous tissue. This, to some extent, 
is unavoidable since aging, accompanied by cellular alterations, is an essential cha- 
racteristic of all living material. We have already seen that the limitations of a cut leaf 
test are due mainly to the changes in frost resistance which occur in any leaf during 
the course of its development. One could conceivably confine tests to certain selected 
leaves, eg. the 3rd., 4th. and Sth. units from the shoot apex. Yet such leaves, the most 
resistant on the plant in the case of S. tuberosum, would give an over estimation of the 
frost killing temperature for the whole plant. Such a selection prevents repeated testing 
and would be of little purpose for the geneticist who is concerned mainly with de- 
termining the true frost killing temperatures of a group of siblings. Tests made using 
whole plants, rather than cut leaves, would undoubtedly give better estimates of frost 
tolerance, especially since a desired period of recovery after the frost is possible. (The 
extent of development of axiliary organs after frost damage is far from being com- 
pletely known). However, tests upon entire clonal plants are not likely to provide 
uniform results for we have had indications, exhibited both by S. acaule and by S. 
tuberosum, that the frost killing temperatures of genetically identical plants can vary 
considerably. It is suggested that such variations could possibly be reduced by con- 
trolled growth conditions. If this were the case then the geneticist, needing to confine 
tests to whole plants, would require fewer replicates and the problem of raising ex- 
tensive clones would be somewhat reduced. Such controlled environments must be 
designed with the object of developing the plant’s potentiality for withstanding ice 
formation to its full extent. Previous authors (MASTENBROEK, 1956) have stipulated 
that hardening conditions should prevail for two or three weeks before the test. This 
point cannot be overemphasised since all procedures leading to a separation of the 
limits of the frost killing temperatures should be brought into play so that the smallest 
differences in frost resistance can be made manifest during the freezes. It would, in 
fact, now be desirable to investigate the effect of environment upon frost tolerance in 
the Solanums. There is much to suggest that low humidity conditions markedly in- 
crease resistance. 

The developed cut leaf test is an improvement upon the methods of STELZNER 
(1938) and of SwirzyNskr (1956) only in so far as all possibilities of variations arising 
from different levels of supercooling are prevented. The lack of resistance shown by 
many species of Solanum, in which greater frost tolerance had previously been repor- 
ted, is thought to have been brought about by the condition of the plant material. The 
plants were grown during the winter months and showed slight etiolation, probably as 
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a result of the poor light conditions. Unpublished physiological work (IpLE and Hup- 
SON) has shown that somewhat etiolated plants of S. acaule, grown in a greenhouse 
during the coldest months of the year, may have frost killing temperatures as high 
as -3°C. A period of hardening does not appreciably lower the frost killing tempera- 
tures of such plants and the need of correct growth conditions during the entire life 
of the plant, up to the day of the artificial freezing test, is apparent if the gross varia- 
tions, which arise from environmental changes, are to be avoided. 

It might be mentioned, in concluding, that although the developed cut leaf test 
is of restricted use to the geneticist, it may be of some value to the plant breeder who 
lacks the necessary equipment for making artificial freezing tests on whole plants and 
who wishes to test material grown directly from seedlings. The plants, deprived of only 
a few leaves during the series of tests, would be capable of maturing and of yielding an 
average crop of tubers. 
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ABSTRACT 


In this article first a historical review is given of the groundnut culture in Suriname. 
Around 1930 the runner type was replaced by a Spanish bunch type from Indonesia. 
This variety is now being replaced by Matjan, also of the Spanish type. 

Secondly a review is given of the methods used in groundnut selection. Single hill 
selection in indigenous and foreign varieties was adopted. Subsequently the pure lines 
were compared for yield in variety trials. Thirdly the characters desired by various 
groundnut breeders are reviewed. 

Plants were selected with (a) many large or a great number of smaller pods, only 
slightly constricted and strawcoloured, (b) ovate, well-tasting seed of Jumbo size, 
0.9-1.0 gram per seed, (c) uniform ramification and ripening, the Spanish type being 
preferred, (d) a growing period of 90 to 100 days, (e) presence of a distinct but short 
dormant period of the seed, not longer than 30 days, (f)) good pod retention, (g) flesh- 
coloured or pink seed coat, (h) dark green, not too abundant foliage, (1) field resistance 
to the Cercospora leafspot disease. The selected variety Matjan meets these require- 
ments except the qualities mentioned under b, e and i. However, Matjan is not very 
susceptible to Cercospora. 

Experience showed that pure line selection in indigenous varieties or varieties from 
countries of comparable latitude and climate offers the greatest chance of success 
when starting a selection programme for groundnut. 


INTRODUCTION 


After introducing Indonesian varieties for trials in 1948 the selection of the ground- 
nut in Suriname was started by MASTENBROEK (2) in 1951. He selected in the variety 
“Brol” introduced by Javanese contract labourers about 1930, but mainly in foreign 
varieties. His method, line selection without crossing, followed by trials on a larger 
scale, was from 1956 onwards continued by TER HorsT. Most of the assessments 
were made before 1956. Later the variety Matjan was recommended. It had been 
selected at the General Agricultural Experiment Station, Buitenzorg, Indonesia. Two 
seeds of this variety were imported in 1951. Since 1956 the behaviour of Matjan could 
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be studied under conditions prevailing in practice. When this article was written the 
variety Brol had been replaced by Matjan for approx. half of the acreage. 

After giving some details of the groundnut culture in Suriname the selection 
methods and the demands to be made by groundnut breeders will be discussed. In the 
journal “De Surinaamse Landbouw” this article was published in more detail (20). 


THE GROUNDNUT CULTURE IN SURINAME 


Some historical data 


As far back as 1904, 1905 and 1906, in the reports of the Inspector of Agriculture 
in the West Indies, imports of varieties from abroad are mentioned, viz. 

Rufisque, via Calvé, Delft, received from Senegambia, 

Barbados, selected from a seed lot, 

Mauritius, selected from a seed lot. 

In addition some experiments were made for yield comparison. Barbados was not 
included because the population was not accustomed to the large seeds of this variety 
and preferred the small seed of the indigenous variety. From this it is apparent hat 
the groundnut culture in Suriname dates back from before 1904. The yields of the 
trials in kgs wind-dry per ha in 1906 are given in table 1. 


TABLE 1. YIELDS OF GROUNDNUT VARIETIES IN KGS WIND-DRY 
PER HA IN 1906 


Owner of the trial field 
Variety 
Moesadan _ | Nabibux 
RSS e wan 1,088 1,494 
MEALS en 504 1,239 
Indigenous groundnut 687 — 


However, no more is said about a possible multiplication of Rufisque and its distri- 
bution among farmers. The reports on the years 1911, 1912 and 1913 of the Depart- 
ment of Agriculture in Suriname (5) give details on trials with groundnuts from 
Curagao. The results were poor; seed set was poor while the damage to young pods 
by mole-crickets was serious. 

From the data at our disposal we may conclude that in the foregoing always 
varieties with a running habit and a growing period of 4} to 5 months were observed. 
Older agriculturists remember that it was profitable to roll the crop flat causing more 
flowers to develop into pods. However this may be, the variety Brol introduced about 
1930 (28) has the erect growth habit of the Spanish type and a growing period of 95— 
100 days. This variety had so many advantages above the older running types that they 
have been entirely superseded and now they are even extinct (9). 

The reports on the years 1940 and 1941 of the Department of Agricultural Eco- 
nomics (6) mention the investigations of the fat content of Valencia and Brol in 1940 
(erude fat content 49.5 and 49.0 % respectively) and production estimates on the basis 
of samples in 1941. The conclusion was that the production of Valencia was not lower 
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than of Brol but that Valencia was more susceptible to diseases and to rotting or 
premature germination of the seeds. The ripening also was more irregular. The Annual 
Reports of the Department of Agriculture, Animal Husbandry and Fishery (2) from 
1949 onwards mention the importation and testing of new varieties. This will be 
recorded in more detail in this article. 


Groundnut culture in Suriname 


The coastal region of Suriname where groundnuts are grown lies at 5°. 55 N.L.. The 
climate is that of a tropical forest codified as Af (w’i) according to KÖPPEN. Ground- 
nuts can be planted twice, viz. at the end of the great monsoon, from mid-July to mid- 
August, and at the beginning of the small monsoon, from the end of November to 
the end of December. The annual acreage varies from 450 to 650 ha. The average yield 
of wind-dry pods in kg/ha for the main season is 1,200 and for the autumn 850. The 
groundnut is grown on ridge sand which is very fine sand with a small percentage of 
particles under 2 py. The production is improved by a slight admixture of shell frag- 
ments. 

The nuts are mainly grown by farmers of Asiatic origin. Their methods resemble 
those used in horticulture since most or almost all the work is meticulously carried out 
by hand. The implements they use are the dig-fork and the hoek. With this method 
only erect varieties can be used. They can be planted fairly closely and yield well (19), 
while weeding and earthing up can be done 3 to 4 weeks after sowing. Other advan- 
tages are the short growing period, the even ripening and the way in which the pods 
are arranged around the main root, especially in the case of the Spanish type. Allowing 
the field to be grazed by pigs as is sometimes done in the USA cannot be introduced in 
Suriname since most of the groundnut growers are islamites and therefore may not 
eat pork. 

Almost all groundnuts in Suriname are consumed as roasted peanuts in the shell 
or as peanut butter. Incidentally peanuts in the hull were exported but since the crop. 
is now underproduced rather than overproduced and the local prices are considerably 
higher than those of the world market (18) the breeder need not consider suitability 
for industrial use. Varieties valuable for consumption will be easily marketable both 
in the home and export market. SAUGER (33, 34) and BorHurs (11) found that the 
protein and the fat content were variable within fairly close limits. Therefore the 
Suriname peanut can also be manufactured to edible oil. As concerns quality the first 
demand is to develop varieties which can be hand-consumed and have a good flavour. 


The local variety Brol 


Around 1950 the variety Brol was generally grown. In Indonesia a variety of the 
same name is known. SCHWARZ and HARTLEY (36) mention that they had received 
from Suriname two varieties called “three seeded peanut” and “bush negro peanut’’ 
for testing for resistance against slime disease. These two types were similar to their 
type “Holle”. SAVER and WIDJANARKO (31) later have given a table surveying the 
properties of the varieties Tjina, Holle and Brol which are indigenous in Indonesia. 
Katjang tjina as a running variety is not important for our purposes. The varieties 
Holle and Brol both are erect types, have a growing period of 3 to 4 months, a pink 
or reddish seed coat and light green leaves. The difference is that the number of seeds 
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per pod in the case of Holle is 1 to 4 and for Brol it is 2. The authors established that 
the type Waspada which in 1863 had been imported from England by Horre did not 
agree with the type which was later marketed under the name Katjang Holle. The 
variety Brol in Suriname has an erect growth habit with fairly long branches, 1 to 3 
seeds per pod, a pinkish seed coat and somewhat light green leaves. And so there is 
the ironical fact that the Suriname Brol is different from the Indonesian Brol. It 
is a variety which on the one side is more similar to Katjang Holle and on the other 
resembles somewhat the variety Katjang Waspada (the original Katjang Holle). In the 
Suriname Brol also types occur with. thin pods containing two dark red seeds, pre- 
sumably a Valencia type. To complete the confusion it should be mentioned here that 
the Javanese word “brol” is an onomatopoeia of the sound produced when the ripe 
plant is lifted. All peanuts then are “katjang Brol’ and any new variety now runs the 
risk of being called Brol, uniess the characters deviate greatly from the local variety 
and the name is a marked one such as Matjan — tiger. 

In 1951 the local variety was considered to be useful. Therefore line selection in 
Brol was obvious, also for reasons given below. The chances to be successful only on 
the basis of this one variety were insufficient; selection in foreign varieties was also 
justified. 


METHODS AND MATERIAL 
Selection procedures 


The breeder of groundnuts can follow five courses to develop a new variety which 
in one or more respects is an improvement of the existing ones, viz.: 


L. Positive mass-selection in the local variety with the most desirable characters and 
the best adaptation to the varying conditions of soil and climate; LARROQUE ef al 
(21, 22, 23) have described a comparable method. 

2. Line selection in the best indigenous varieties until pure lines have been obtained. 

One pure line can then be distributed or a mixture of lines. 

Line selection in varieties from other countries. 

Crossing to combine favourable characters of different varieties in one new variety. 

5. Selection of mutants from the offspring of material treated with ionizing radiation. 


Bee 


The methods mentioned under 2, 3 and 5 were applied at the Experiment Station. 
The results of investigations of mutants in Röntgen material, carried out by K. TER 
HORST and J. BEKENDAM, will be reported later. Crosses will be made in a later stage 
when line selection gives no further increase in production or when it will appear that 
in the lines selected certain important qualities are totally lacking. 

LARROQUE (21) and LARROQUE, CHAUSSON and GALLAND (22, 23) suggest a method 
of selection based on correlated groups of phenotypic characters or so-called “here- 
ditary complexes” and also give successful examples of this method. 

SAUGER (32) criticizes this method and considers working with hereditary complexes 
instead of with separate characters acceptable for allogamous plants. For autogamous 
plants he considers selection of individual plants more obvious unless someone could 
prove the contrary. It seems that the successes of LARROQUE, CHAUSSON and GALLAND 
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are mainly due to the fact that the method used, which involves much measuring and 
counting, compelled them to study the plants thoroughly. Therefore they were able 
to practise a positive mass selection which was very accurate. 

In local varieties, through natural selection properties have been brought together 
which enable them to resist to the extremes of the local climate. This is in agreement 
with the fact that in many cases better results have been obtained with line selection 
from indigenous varieties than with selection from imported ones. In cases where this 
was successful the foreign varieties were derived from a region with a similar climate 
and day length. However, in this procedure and when applying the method designed 
by LARROQUE, it should not be forgotten that of varieties with one and the same 
production capacity the variety with the smallest seed will have superseded after a 
few generations as was proven by BourrIL and SAUGER (12). Therefore the valuable 
recommendations of HAQUART (15) to distribute mixtures of pure lines can be realized 
only under very definite conditions. 

De PRETER (26) and PELERENTS (25) also have described methods for the selection 
of groundnuts. As Arachis hypogaea is an annual, preponderantly self pollinating crop 
the procedures are very simple. Our line of work was to plant a field with a new num- 
ber for observation and multiplication, in which sometimes negative mass-selection 
was applied. If a number as a whole did not make too poor an impression the best or 
all the plants were numbered and harvested separately. These lines were then included 
in line trials with one row for the offspring of one plant. With these trials we gained 
a better impression of the variety as a whole and furthermore there was opportunity 
for further selection. In most cases the lines were kept in this stage during a few seasons 
making repeatedly sub- and sub-sub-numbers. The next step in the programme was 
the planting of strip trials using the lines which as a whole had given a good impres- 
sion. In the strip trials the plots were 1 to 2 by 5 to 7 meters in size and standard 
varieties were planted after 3, 5 or 10 plots. ROBINSON, RIGNEY and HARVEY (29) 
showed that in using long, narrow plots a smaller variation coefficient was obtained 
than with square plots. Sometimes a new variety was soon included in the strip trials, 
that is when it was a promising variety of which a sufficient quantity of seed was 
available. For a better assessment of the evenness of ripening, pod retention, dormancy 
and degree of field resistance against leaf spot the line- and strip trials were harvested 5 
to 7 days later than the moment of optimal maturity, which is reached when the seed 
coat is clearly coloured and loosens from the seed after careful scratching with one’s 
nail, while the inside of the pod, which was first white and felty, has become veined 
with a beginning of brown coloration. 

The best varieties from the strip trials as concerns habit, pod shape and production 
were included in variety trials in which the various lines were planted in plots of 50 
to 100 m* in a number or replications. It was attempted to grow the varieties, at least 
the most promising, under diverse conditions of soil and weather. After assessing the 
plants in the field and the pods and seed in samples an ultimate selection could be 
made on the basis of mathematical treatment of the yields. SAUGER and TOURTE (35) 
come to the conclusion that in variety trials of peanut a plot size of 75 m? should be 
used and dependent on the desired degree of accuracy, 5 to 8 replications. Our variety 
trials have satisfied these requirements. 

The Agricultural Experiment Station has raised elite seed of the variety Matjan 
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in every planting season for multiplication to original seed, and subsequently seed 
for sowing was raised by the division Agricultural Extension. The degree of cross 
fertilization varies with the season and in the case of the varieties used from practically 
nil to 6% (4, 10). According to BoLmuss (10) a distance of 2 meters does not exclude 
hybridization for some varieties. The multiplication to elite seed in our case was 
carried out at least at 8 meters, but mostly at further distances from other groundnut 
fields. Because always the same field is used for multiplication the chance of impurity 
through regrowth was extremely small. The purity of the seed is also furthered by 
assessing all plants separately in growth habit and pod shape. VAN DER GIESSEN and 
GOVERS (14) ín Indonesia followed the purity of the variety Schwarz 21 to the 7th 
generation inclusive. It was shown that under controlled multiplication it had not 
deteriorated in production or in resistance against the slime disease. After World War 
II there were records about the extreme deterioration of this variety (30). This is in 
agreement with our experience that in practise the seed is liable to get mixed with 
impurities, especially because of the reluctance of labourers to remove the regrowth 
from the fields. 


Criteria of selection 


As was already mentioned in a former section selection for oil content is not im- 
portant for Suriname. The desired characters can be determined by eye, counting and 
weighing. Before enumerating the qualities desired for the varieties it should be stated 
that in assessing the material a personal preference of the breeder plays an important 
role. Prior to the harvest only the ramification, the flowering and the degree of resistance 
against leaf spot can be judged. The remaining qualities can be assessed not before the 
plants have been lifted. 


L. Production. For this quality plants are marked which take little space and have 
many large or a great many smaller pods. In a later stage the production per acre is 
determined. 

2. Uniformity. This comprises the mode of ramification, the simultaneousness of 
ripening and the pod shape. Simultaneous ripening is warranted by using a Spanish- 
bunch type (25, 26). The pods are formed near the main root and not far along the 
side shoots as in the case of Virginia bunch. This also facilitates harvesting. Unifor- 
mity is only desired for properties influencing the method of cultivation and the 
quality. Apart from that variability is desirable since an impure line has more chance 
to contain types with a better resistance to unfavourable conditions. 

3. Early ripening. In view of the changing seasons the farmers can better grow two 
early ripening crops of 90-100 days than one later ripening crop. In that case the 
harvest can be secured in dry periods and the cumulated yields are higher. 

4. Short dormancy. The lack of dormancy is detrimental when the soil is moisty 
during the latter part of the growing period. There is a danger then of the seeds 
germinating in the pods. A long dormancy is also unfavourable because it is necessary 
to use the product within three weeks as seed in the autumn. 

5. Pod retention. We observed varietal differences in the speed of rotting of the 
gynophores. 
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6. Pods. Large pods with slight constrictions are desired. For appearance of the 
product it is desirable that the majority of the pods are uniform. In Congo (26, 27) 
search was made for long pods with a thin shell and a straw-yellow colour. Other 
authors emphasize more the number of pods per plant and the shelling percentage 
(25, 37). When pods are bought for direct consumption the size and the shelling per- 
centage are most important. Therefore more attention is given to a well-filled pod than 
to thickness of the pod wall. For direct consumption large pods with room for 
“Jumbo” seeds are desirable (24). BOUSQUET (13) showed that from North to South, that 
is in his case from a dry to a moister climate, gradually larger pods with a thicker pod 
wall were produced. He considered the correlation between climate and nature of the 
pod so evident that he thought it possible to judge on the basis of these qualities the 
area of adaptation of new varieties. Sometimes smooth pods are desired to obtain a 
product where less soil adheres to (3). In our inspections we assessed the filling of the 
seed spaces by pressing the pods sidelong between thumb and forefinger. This pro- 
cedure was carried out only when a sufficient quantity of pods was available since 
seeds deteriorate soon when the pods are open. 

7. Seed coat. When the pods are harvested ripe the seed coat shows colour. We 
preferred flesh-coloured, pink or dark pink colours but we did not consider this 
character of importance. The seed coat should loosen easily when the pods are roasted. 

8. Seed. Large, ovate seeds are desirable for consumption purposes. 

9. Foliage. In our experience the foliage gives only misleading indications of the 
production-capacity of a line. Production and seed set of a field with abundant 
foliage are sometimes good but mostly poor. We always preferred lines with not too 
abundant foliage. In case the leaves are used as hay or fresh fodder, which from a 
viewpoint of maintenance of soil fertility is not desirable, also attention should be 
paid to a larger quantity of foliage. 

10. Resistance. 

a. Cercospora personata (B. & C.) Err. & Ev. and C. arachidicola Hori, are the 
cause of the leaf spot spot disease of the groundnut. We found that under the con- 
ditions of the coastal region in Suriname none of the lines tried showed field resistance. 
Some varieties which ripened later at first were less attacked but at a corresponding 
physiological age they appeared to be diseased to an equal degree. 

b. Sclerotium rolfii SACC. In Suriname the wilt disease caused by this fungus 
hardly ever brings serious damage. 

c. Pseudomonas solanacearum E.F.SMrrH, the causal organism of the slime 
disease, has not yet been found on groundnuts in Suriname so far; however, it was 
found on tobacco (7). The variety Matjan recommended nowadays showed to be 
resistant in Indonesia. 

d. Rosette-virus. The rosette disease of the groundnut has not been found in 


Suriname so far. There seem to exist forms with a certain field resistance against this 
virus (26). 


In the article published in “De Surinaamse Landbouw (20) a complete list is in- 
cluded indicating which varieties of groundnut have been introduced in the course of 
years. The varieties were imported from Indonesia, North Carolina, Nigeria, Senegal, 
Mexico, French Congo and South Africa. 
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DISCUSSION 


From the yields obtained by variety trials (20) it turned out that the highest pro- 
ducing varieties were Matjan, Schwarz 21/LP 504 and 5012 (lines from the impure 
population which after the war in Indonesia passed for Schwarz 21) and. Gadjah. 
Brol yielded less. Therefore one of the foregoing varieties had to be chosen to replace 
Brol. The variety Matjan was chosen because of comparison of the following characters: 


L. Pod shape. The pod shape of Matjan is better than that of Schwarz 21. Matjan 
has pods containing two seeds; they are rather thick and rounded and little constricted, 
like those of Gadjah. Schwarz 21 also has preponderantly pods with two seeds; 
however, they are not so thick and they are pointed. Brol has thin pods with three 
seeds. If the pods of Matjan were so large that they could hold “Jumbo” seeds, the 
shape were almost ideal. 

2. Seed set. The seed set of Matjan is mostly good, while the other varieties some- 
times leave to be desired in this respect. When Matjan has been grown under favour- 
able conditions the pods are so full that they can be pressed open by thumb and fore- 
finger only with difficulty. 

3. Resistance. The variety was selected by BorHurs at the A.P.L., Buitenzorg, 
Java, and found to be resistant against the slime disease (Pseudomonas). It is mode- 
rately susceptible to leaf spot (Cercospora) at least if HEMMINGWAY (1, 16, 17) was 
right when he concluded that varieties with dark leaves are less susceptible. 

4. Foliage. The branches of Matjan are shorter than those of Brol; the plants are 
therefore smaller. The optimal density of the plants presumably is larger than in the 
case of Brol (19). 

5. Weight. The weight of a bag with the variety Matjan is about 43 kg, of a bag 
Brol 38 kg. The higher weight of Matjan is caused by the more rounded shape of the 
pods and the seed set which is sometimes better. 

The disadvantages are: 

6. Export quality. The seed of Matjan is too small to be accepted as “Jumbo”. The 
1,000 kernel weight is approx. 450 grams, that of Jumbos 915 grams. However, the 
Jumbo varieties B 33, C 42, C 73 and Virginia Jumbo which were also tried, produced 
much less. The variety C 12 which had a good yield was a runner type and it was 
difficult to harvest on account of breaking-off of gynophores (2). 

7. Dormancy. Being a variety of the Spanish type Matjan does not possess dormancy. 


Investigations concerning the effect of cultural factors carried out in the district of 
Saramacca in 1957 made it possible to compare population-Brol and the new variety 
Matjan under conditions prevailing in practice. The average values are presented in 
table 2. Unfortunately in 1957 Matjan had replaced Brol to a small extent so that there 
are only 7 observations of Matjan. 


TABLE 2. YIELDS, KG/ARE AND QUALITY OF THE VARIETIES BROL AND MATJAN IN 1947 


| 
Ï 


| Number of seeds 


4 | Yield Weight Weight | __Number of 
Variety | Ie 100 pods | seeds Total Ì Shrivelled observations 
| 
Broese, | 12.4 110.4 78.3 173 17 | 120 
Matjan .. .. 15.4 WGO Ne SE 159 20 | U 
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With the enumeration of the merits and demerits of Matjan and a comparison of 
Matjan and the variety used by the farmers the new variety has been described almost 
in full. The disadvantages of Matjan are not serious for the present circumstances. 
Therefore, we are of opinion that selection with this variety after increasing the varia- 
bility for instance by means of ionizing radiations or crossing with other varieties, 
is the best way to continue the improvement of the groundnut in Suriname. The 
variety Brol has been grown in Suriname and in Indonesia under similar conditions 
for a long time already. It may be expected that in this variety through natural 
selection many specific qualities have been combined which may be valuable for a 
continued or future programme. Therefore it is recommendable to maintain this 
variety at the Agricultural Experiment Station. 


SAMENVATTING 


De selectie van peulvruchten in Suriname. H. Arachis hypogaea L., 
de aardnoot 


Dit artikel geeft eerst een historisch overzicht van de cultuur van de aardnoot in 
Suriname. Omstreeks 1930 werd een ras van spreidend type vervangen door een op- 
gericht “Spanish” type uit Indonesië. Dit ras wordt nu vervangen door Matjan, dat 
een zelfde habitus heeft. Voorts wordt een overzicht gegeven van de methoden, welke 
worden toegepast bij de veredeling van de aardnoot. Wij onderscheiden daarbij posi- 
tieve massaselectie en lijnselectie in inheemse en geïmporteerde rassen en in kruisings- 
populaties. Ook kan gezocht worden naar mutanten in bestraald materiaal. In Suri- 
name werd lijnselectie toegepast in inheemse en buitenlandse rassen. Ten slotte wordt 
een opsomming gegeven van de eigenschappen, die de verschillende aardnoottelers in 
hun rassen wensen. 

Planten werden uitgezocht met (a) veel grote of zeer veel kleinere peulen, die slechts 
weinig ingesnoerd zijn en een strogele kleur hebben, (b) eivormig zaad met goede 
smaak van Jumbo-grootte, d.i. 0,9-1,0 gram per zaad, (c) uniforme wijze van vertak- 
king en afrijping; het opgerichte Spanish” type verdient daarbij de voorkeur, (d) een 
groeiduur van 90-100 dagen, (e) aanwezigheid van een uitgesproken maar korte rust- 
periode van het zaad, niet langer dan 30 dagen, (f)) goede peulretentie, (g) vleeskleurige 
of rose zaadhuid, (h) donkergroen, niet te weelderig loof, (1) veldresistentie tegen de 
Cercospora bladvlekkenziekte. Het uitverkoren ras Matjan voldoet aan deze eisen, 
behalve die genoemd onder b, e en i. Hoewel niet resistent tegen Cercospora, is Matjan 
toch ook niet erg vatbaar. 

De ervaring leert dat lijnselectie in inheemse rassen of rassen uit landen met verge- 
lijkbare breedtegraad en klimaat, de grootste kans op succes biedt wanneer een 
selectieprogramma voor aardnoot wordt opgezet. 
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Ll. In testing cabbage plants for resistance to clubroot the field method has been re- 
placed by two more rapid and more reliable methods, respectively indicated as the 
soil inoculation method and the dipping method. 


2. Using the soil inoculation method, testing is done in artificially infected soil in the 
glasshouse. This soil should be slightly acid, adequately moist and sufficiently 
warm (26°C). The required inoculation of the soil is obtained by mixing 1 part of 
infected roots with 25 parts of soil. A stronger dilution of the inoculation material 
is not desirable. 


3. With the dipping method the young plants are dipped for some time into a suspen- 
sion of water and infected soil, after which the plants are set out in a healthy soil. 
Although dipping for 1 minute can be sufficient, it is safer to dip the plants for 
some hours. A suspension of 1 part of infected roots and 5 parts of soil to 2 parts of 
water is sufficiently infective. The actual infection takes place after the dipped 
plants have been transplanted. To become thoroughly infected, they have to remain 
in the soil for at least 2 to 3 weeks, depending partly on the pH and the temperature 
of the soil, as indicated under 2. 


4. Five to six weeks after the beginning of the tests normal susceptible plants are 
heavily infected. 


INTRODUCTION 


Clubroot is a very common disease in Crucifers and is caused by the fungus Plas- 
modiophora brassicae WoRoON. The roots of infected plants become swollen and form 
irregular galls, which greatly reduce normal root activity (fig. 1). The plants lag 
behind in development and sometimes show symptoms of wilting. This disease can 
cause considerable damage. 

On badly infested soil the cultivation of susceptible crops is generally not justified. 
Such a soil remains infested for several years because the rest spores of the fungus 
long remain germinable. To control this soil parasite, sublimate and calomel solutions 
are used. In concentrations required to control the disease completely these means 
are also detrimental to the plants (1). The control is preventive, as these fungicides are 
applied at planting time. As soon as disease symptoms have appeared, no measures 
can be taken. 
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The above difficulties can be prevented by using resistant varieties. Since 1952 
investigations on this problem have been carried out by our Institute. 


INOCULATION METHODS 


a. Field method 


With the field method, which had been used during the first few years, sowing was 
done on a seed bed in the spring. After 5 to 6 weeks the plants were transferred to a 
badly infested commercial cabbage field. They were examined in the autumn. This 
method of testing was not very reliable, and in order. to get better results, it was 
replaced by the following two procedures. 


b. Soil inoculation method 


The testing of the young plants grown on in the seed bed is done in artificially in- 
fected soil in the greenhouse. The soil is infected by mixing it with diseased roots that 
have been cut up fine. The soil temperature is from 20 to 25°C, and the soil is kept 
sufficiently moist. In this way severe clubbing is obtained after 5 to 6 weeks. 


c. Dipping method 


The roots of the young plants are dipped for a short time into a suspension of water 
and infected soil (fig. 2) after which the plants are set out in a healthy soil. This me- 
thod, too, has produced good results. 


For each of the two methods the effect of some environmental factors on the 
occurrence of infection has been determined. The trials were usually planted in two 
replications, with 20 to 50 plants per number, using the susceptible variety Langedijker 
Early Red as a test variety. Use was made of affected root material from a field at 
Bobeldijk (North-Holland). In addition to the percentage of diseased plants the degree 
of clubbing was determined on a scale ranging from 1 (slightly affected) to 8 (badly 
affected). The following tables give average values, while the degrees of clubbing only 
relate to the diseased plants. 


SOIL INOCULATION METHOD 


Effect of degree of infection ofthe soil and pH 

Some separate trials showed that when the infection material (affected roots) was 
diluted from 1/9 to 1/288 all plants were clubbed after 24 days, and that only 38 % of 
the plants were slightly clubbed after 47 days at a dilution of 1/150,000. Apparently 
a strong dilution can cause some amount of clubbing, but no complete infection. 

It was also found that when the degree of acidity of the soil in the range of pH — 
5 à 6 to pH — 8 (pH — H,O) was varied, clubbing was reduced as the pH became 
higher. 

In another trial, which will be discussed here more fully, both the degree of in- 
fection of the soil and its pH were varied. Use was made of a soil mixture of leaf 
mould and peat dust with pH — 5.7 (pH — H,O). By liming the soil the pH was in- 
creased to 6,4 and 7.8. Variation in the degree of infection of the soil was obtained by 
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mixing 1 part of affected roots with a varying number of soil parts. Thus dilutions were 
obtained of 1/25, 1/250, 1/2,500 and 1/25,000. The percentages of diseased plants are 
represented graphically in fig. 3, and are based on observations made 19 and 43 days 
after transplanting into infected soil in the greenhouse. 


diseased 


diseased 
plants plants 
A 5 
1 
00 100 eme Oe 
en EN 
90 0 L kes: Pe 
One pH 5.7 
80 80 is 
5 
70 
0 70 e pH 64 
After 43 d 
60 - After 19 days, 60 Ei ie 
„0 p 
40 7 
30 pr d 
20e 
10 L 
epEiez8 
0 
1/25 1/250 1/2500 1/25000 1/25 1/250 1/2500 1/25000 
dilution dilution 


Fia. 3. THE INFLUENCE OF THE DEGREE OF INOCULATION OF THE SOIL AT 3PH'S ON THE 
PERCENTAGE DISEASED PLANTS 


The higher the degree of infection of the soil and the lower the pH, the greater is the 
amount of clubbing. After 19 days a high degree of infection was obtained only at 
pH 5.7 and 6.4 at the strongest concentration of the inoculation material, namely 98 % 
diseased plants. Consequently, to prevent susceptible plants being mistaken for re- 
sistant ones, 19 days must have been too short a period in this case. After 43 days 
all plants were clubbed and in addition the mean degree of infection of the diseased 
plants had increased. 

At a pH of 7.8 an exposure period of 43 days, even at the strongest concentration 
of the inoculation material (dilution 1/25), was not sufficient to obtain 100 %5 clubbing. 
If all plants are to be diseased after 43 days, it is possible to use a little less inoculation 
material (dilution 1/250) only when the pH is about 6 (5.7 and 6.4). At a dilution of 
1/2,500, even at a low pH, all the susceptible plants were not yet diseased after 43 days. 


Effect of soil moisture 


As incidental observations seemed to indicate that infection makes slower progress 
and reaches less severe proportions in a dry than in a moist soil, a series of trials was 
initiated to obtain further information on this point. 
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The infected soil was either left continuously dry or kept continuously moist. In 
some cases further variation was obtained by making the soil thoroughly moist for 1 
or 2 days after setting out the plants, and then leaving it dry, or by keeping the soil 
very moist. Observations were made after 2, 3 and 4 weeks. For comparison of the 
results of the various trials the number of diseased plants and the degree of club- 
bing are given as index numbers, counting the results from the moist soil as 100 (see 
table 2). 

Comparison of the index numbers for dry and for moist soil shows that in all cases 
the percentage of diseased plants on dry soil was lower, and that in 5 of the 7 cases the 
degree of clubbing was also lower. 

Moistening the soil for 1 or 2 days after ranspne was not sufficient; in 2 of the 
3 cases a constant excess of moisture was not sufficient either. 


DIPPING METHOD 


Effect of dipping period 

The time during which the plants remained in the suspension (the dipping period) 
was varied from 1 minute to 24 hours, in a series of 3 experiments. As the results of 
the 3 experiments all pointed in the same direction they are represented jointly in 
table 2 as average index numbers. To determine these numbers, the results from a 
dipping period of 24 hours were counted as 100, except in one case where only 2 
dipping periods (1 minute and 7 hours) were used and the results from 7 hours dipping 
were counted as 100. 


TABLE |. NUMBER OF DISEASED PLANTS AND DEGREE OF CLUBBING, REPRESENTED AS INDEX NUMBERS, 

(24 HOURS — 100) AFTER DIFFERENT DIPPING PERIODS. OBSERVATIONS WERE MADE AFTER THE 

DIPPED PLANTS HAD BEEN KEPT IN A HEALTHY SOIL FOR 3 TO 4!/, WEEKS 

| Dipping period 
1 min. 2 hours 4 hours 7 hours 8 hours | 14 hours | 24 hours 
Number of dis- 
eased plants . . 100 100 100 100 103 103 100 

Degree of clubbing WOrÀ Sor 0, 100 93 113 93 100 


Table 1 shows that dipping for | minute produced the same results as dipping for 
24 hours. In most cases all plants were clubbed after 3 to 4} weeks. In one experiment 
a few plants showed no clubbing, but this was in no way connected with the dipping 
period applied. 

These results show that dipping for 1 minute should be sufficient. However, in a few 
cases a short dipping period produces less clubbing, so we prefer a dipping period of 
some hours. 

When the plants after being dipped for a short time were cleaned thoroughly before 
planting, they did not become infected. Evidently, infection is not brought about 
during dipping, but is afterwards caused by spores which, in planting, are carried 
by inoculation suspension adhering to the roots. 
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Dilution of the dipping suspension 

In most experiments a soil mixture was used consisting of 1 part of affected roots 
and 5 parts of soil, from which the dipping suspension had to be prepared. To this 
end the soil mixture was diluted with water as greatly as 1:2. The results from using 
dilutions of 1:20 and 1:200 were ascertained in a special trial. The plants were dipped 
at 17°C and 26°C for 2 or 24 hours. After 28 days the degree of clubbing was deter- 
mined (see table 3). 


TABLE 3. EFFECT OF DILUTING THE DIPPING SUSPENSION ON INFECTION, AT 2 TEMPERATURES AND 2 DIP- 
PING PERIODS : 


| 
Dipbibe Percentages of diseased plants Degree of clubbing at 
Dipping beriod a at the dilutions the dilutions 
temperature | 
Ba Ito2 | 1to20 | 1to200 | 1to2 | 1to20 | 1to200 

Ute 2 100 96 80 6.9 5.9 5.0 

| 24 100 | 96 81 6.2 5.4 4.7 

| av. 100 | 96 81 6.6 5.7 4,9 

176 2 GONE 71 64 4.6 3.7 
24 109 100 92 50) 5.6 39 

av. 100 | 93 | 82 6.2 Snil 3.6 


The dilution of the inoculation material had a large effect. After 28 days only a 
dilution of 1 part of soil mixture with 2 parts of water produced infection of all 
susceptible plants. The degree of infection is also smaller at the stronger dilutions. 

The dipping temperature has not exerted a clear effect. From experiments (men- 
tioned later in this paper) on the effect of temperature during the dipping period it 
could be concluded that there is no such effect. The dipping period had no effect either. 


The degree of acidity of the dipping suspension 

Four degrees of acidity of the dipping suspension (pH-H‚,O = 5.0, 5.7, 6.7 or 7.6) 
have been compared at 17“ and 30°C. The dipping period was 7 hours. The percentage 
of diseased plants showed no differences and was in all cases 100 % after 34 days. The 
degree of clubbing was between 6.3 and 7.2; at pH — 7.6 it was somewhat lower: 
5.7 and 5.8. Apparently, after transplanting, the pH of the suspension carried on the 
roots soon becomes the same as that of the surrounding soil. At the highest pH this 
may take a little more time. So we may say that during the inoculation period it is the 
pH of the soil in which the plants are transplanted which determines the degree of 
clubbing. In the present experiments the pH was 5.5. 


The exposure period 


As we have seen above, infection does not take place during dipping but after 
transplanting into healthy soil by means of the spores carried on the roots. 

In order to ascertain how long the plants, after transplanting, have to be exposed to 
become diseased, 2 experiments were made in which the dipped plants were kept in 
the soil for 2 to 20 days. After digging out, and washing the roots thoroughly, the 
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plants were transferred to healthy soil. After some time the percentage of diseased 
plants and the degree of clubbing were determined. 

No differences in the degree of clubbing were observed. The different percentages of 
diseased plants are shown in table 4. 


TABLE 4. EFFECT OF THE EXPOSURE PERIOD ON THE PERCENTAGE OF DISEASED PLANTS 


Number of days Exposure period in days 
Year between dipping En 
and observation D | 4 | 8 | 12 | 13 | 20 
za | 
1958 36 — | 91 91 — 100 — 
1959 53 Re 87 91 - 100 


The table shows that the exposure period should be at least 2 weeks. Longer periods 
are likely to produce more reliable results. 

When the roots after being exposed for 7 hours were washed, no symptoms were 
observed. 


The temperature during the exposure period 


The temperature during dipping has little effect on infection, as was shown by 
experiments in which the dipping temperature varied from 1 to 30°C and dipping 
periods of 2 and 24 hours were used (See also table 3). This agrees with the conclusion 
that infection does not occur during the dipping period. 

To determine the effect of temperature after transplanting, 2 experiments were made 
in which plants were placed in the dipping suspension for 7 hours, and then set out in 
peat dust for 10 days at 6, 14, 20, 23 or 26°C. 

After washing them thoroughly they were transplanted into a healthy soil (pH — 5). 
Clubbing was determined 38 or 43 days after dipping. The results are shown in fig. 4. 

In the range of temperatures studied the susceptible plants were infected most rapidly 
at 26°C; also the degree of clubbing was highest at this temperature. It should be 
noted that when the roots were being washed all plants at 26°C already showed 
symptoms of clubbing, so after being exposed for 10 days. 


EFFECT OF GROWTH OF THE PLANTS ON THE APPEARANCE OF CLUBROOT SYMPTOMS 


The typical clubroot symptoms result from reactions of the roots to infection by 
spores. Under conditions that are favourable for plant growth these reactions will be 
strongest. Frequently, however, the symptoms are less marked. Thus plants growing 
in a soil with a bad structure often produce less clear symptoms than plants in a soil 
of good structure. In one experiment the amount of clubbing was less at a low pH 
than at a somewhat higher pH, at which the plants made better growth. After in- 
fection has taken place the pH has little effect. In very moist soils root development 
is sometimes unsatisfactory, and the degree of clubbing is then also lower. In a very 
dry soil the slime mould is not very active. Sometimes root growth is also reduced, and 
this further inhibits the appearance of symptoms. Root growth is also reduced by 
attack of root parasites, e.g. Phoma lingam. This may be the reason why plants at- 
tacked by them often show no symptoms. 
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Fig. 4. THE INFLUENCE OF TEMPERATURE DURING AN EXPOSURE PERIOD OF 10 DAYS ON 
THE PERCENTAGE DISEASED PLANTS AND THE DEGREE OF CLUBBING 


On very young plants, of which the roots are still small, the symptoms of clubbing 
may be less pronounced under unfavourable conditions. From a number of experi- 
ments, with plants from 20 to 68 days old, it was shown, however, that the age of the 
plants generally does not play a part. Both old and young plants can be readily infected. 


DISCUSSION 


The testing of cabbage plants for resistance to clubroot is best done by the soil in- 
oculation and the dipping method. The field method produces less satisfactory results. 
With the first two methods, just as with the field method, infection takes place while 
the plants are in the soil, which should be slightly acid and sufficiently moist. The 
results of the above experiments agree with those of WELLMAN (7), LARSON and WAL- 
KER (4) and COLHOUN (3). 

At a high pH the germination of the rest spores is inhibited. Furthermore germi- 
nation requires a certain amount of moisture, and the movement of the naked swarm 
spores is only possible in water. In our experiments clubbing was most severe at 26 °C. 
MONTEITH (6) and WELLMAN (7) found 24° or 25°C to be the optimal temperature. 
According to BREMER (2), COLHOUN (3) and MACFARLANE (5), the degree of infection 
has a clear influence. 

However, the effect of the spore concentration appeared to be dependent on the 
experimental conditions. This was also the case in our trials. 
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The conditions most favourable for carrying out resistance tests can be described 
as follows. Using the soil inoculation method the required degree of infection of the 
soil can be achieved by mixing 1 part of infected roots with 25 parts of soil. After 
transplanting the young plants the soil should be kept adequately moist for the first 
3 weeks, at a temperature of 26°C. Moreover, it should have a good structure with 
pH not higher than 6. After three weeks the soil is kept drier and the temperature is 
lowered to 17 to 20°C, to prevent damage by other fungi as much as possible. Although 
some plants may already show symptoms after 10 days, severe clubbing of all the 
susceptible plants occurs after 5 to 6 weeks. 

In practice the pH and moisture requirements can be easily met. By mixing peat 
dust through the soil the pH can frequently be lowered; in many cases this has a 
favourable effect on soil structure. In pure peat dust the growth of cabbage plants was 
sometimes slower, so that the symptoms were less pronounced. The maintenance of 
a temperature of 26°C requires special provisions. When testing at lower temperatures 
it will be longer before all the susceptible plants are infected. This can be checked by 
including a susceptible control. When the temperature falls below 17°C infection of 
the susceptible plants may be incomplete. In the summer months testing can be done 
outside, in the other months this has to be done in a greenhouse with bottom heating. 

The plants to be used for testing may be 3 to 4 weeks old. At the end of the testing 
period these plants will be 8 to 10 weeks old. Despite their fairly large size, the re- 
sistant specimens are still fit for transplanting into a commercial cabbage field to judge 
them for other characters. The plants to be tested could also be sown out directly into 
infected soil. In that case there may be some damage by fungi. 

Using the dipping method the plants are placed for 2 hours in a suspension con- 
sisting of 1 part of infected soil and 2 parts of water. The infected soil is made up of 
l part of affected roots and 5 parts of peat dust or garden soil. The temperature during 
dipping has no effect. Then the plants are transplanted into healthy soil. Although the 
inoculation suspension carried on the roots remains moist for some days it will be 
wise to keep also this soil adequately moist for some time. The temperature require- 
ments are the same as for the first method. To obtain the highest degree of infection, 
the pH of the soil of the seedbed, of the suspension, and of the soil into which the 
plants are transplanted, should not be too high. Also with the dipping method the 
plants show clear symptoms after 5 to 6 weeks. 

Using the soil inoculation method, much inoculation material is necessary to obtain 
a heavily infected soil. This soil can be used for several years. In some soils the fungus 
seems to lose its activity fairly soon. The infected soil used for testing in a greenhouse 
must always be reserved for this purpose. This is not necessary when the dipping 
method is applied. Moreover, far less inoculation material will then be needed. This 
material is kept outside in open containers. Testing for various physiological races is 
best done by the dipping method. Various races can be mixed just prior to testing, 
after which a suspension can be made. After being used this suspension can be thrown 
away. Using the first method, simultaneous testing for various physiological races 
could be achieved by mixing them all through the soil. After some time changes may 
occur, for instance through antagonisms between these races, which gives a wrong 
picture of the resistance. In that case use would have to be made of soil that has just 
been inoculated. This soil can only be used once, which is great disadvantage. 
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Both methods are also suitable for the testing of turnips. The plants should not be 
older than 20 to 25 days. Older plants are not so easily transplanted. Tentative ex- 
periments have shown that when the dipping method is applied a suspension of 2 parts 
of infected soil and 1 part of water should be used. Otherwise insufficient spores will 
adhere to the roots, these being less ramified than cabbage roots. 
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ABSTRACT 


In this article a survey is given of motives for publishing on plant breeding research. 
The spate of publications should be welcomed. 

There is no need for a radical reorganization of publishing the results. It is a utopia 
to include all publications in one international journal. However, as concerns docu- 
mentation in the field of plant breeding, it is advisable to adhere to one international 
journal (Plant Breeding Abstracts). 


INTRODUCTION 


It is not uneommon that documentalists express their concern on the increasing 
number of periodicals and mention possibilities of limitation. 

D. J. MALTHA (2) wrote some time ago: “the end (of the almost ominous increase 
of publications) is not yet in sight. And yet, — theoretically! — the solution is simple 
enough. Let us ignore the chauvinism of specialism, society or nation and try to bring 
about an international and systematical distribution of periodicals. Science has a 
system now, though imperfect. There are many international contacts. Let us establish 
really international journals whereby every country undertakes to edit one or more of 
them — and then good! And don’t let us hesitate to discard superfluous matter”. 

In this article I will consider the proposed reorganization from a viewpoint of plant 
breeding research. 

In Euphytica 10 (1961) no 3 a survey will be given of the periodicals in the field of 
research on plant breeding. 


WHY RESEARCH WORKERS PUBLISH 
The following motives can be mentioned: 


Ll. To write a report of the research in order to account for the time and the cost 
involved in the investigations. 


2. To give information on one’s own experience as compared with the work of 
others published in the literature. 


3. To give information on a method applied with success. Particularly a new method 
developed in the course of one’s investigations can be useful for others. 


4, To expand the science of plant breeding. 
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5. To enhance making contact with investigators in the same field (which mostly 
work in other countries). Often a publication stimulates others to publish their data 
sooner. Many writers have the experience that their publication incites correspondence 
and that others use their data in their discussions. It is convenient to present visitors 
with publications. Furthermore publications have a favourable influence on exchange 
of reprints and material. 


6. To establish the right of primogeneture. Delaying publication may imperil the 
chance of priority. 


7. To criticize opinions of others in order to clarify and advance scientific know- 
ledge. 


8. To be stimulated to study the literature on some subject. Lecturers starting a 
study of the literature on some subject are induced to give an exhaustive treatise when 
they intend to write it in the form of a publication (article or chapter in a text book). 


9, To be stimulated to become orientated about one’s own field of research. 
Experience shows that, in preparing an article, the recent literature is studied so that 
gaps in one’s own investigations are discovered in time. 


10. To show that one is able to report and interpret his research. When a position 
is vacant, a candidate’s suitability is considered in the light of his scientific work 
(apparent from his publications). 


11. To give account of a lecture on a new subject. 


12. As a form of extension. (If a given topical subject is treated insufficiently in a 
textbook and no overall article has been published on it). 


13. To redeem part of a debt which arose in studying the textbooks and other 
publications. 


14. To save something from oblivion. Through publication everyone can become 
informed. 


15. To warn others that a given method or design of experiment will give no results. 


16. The idea that an investigation is not completed before the results have been 
published. 


17. To stimulate interest. A research worker needs interest for his work and this 
encourages him to continue. On the other hand he hopes to deepen the insight of 
others through the interest aroused. 


18. To write a textbook for students. 


19. To satisfy the editors of a journal. 


The above mentioned motives are not listed in order of importance. It may be 
concluded that there is a wide variation as concerns motives and in most cases (un- 
conciously) it is a combination of stimuli. 

The research worker in the field of plant breeding does not write because it is his 
profession to write — or in order to have an income — but because of a calling (mostly 
from idealistic considerations). 
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THE SPATE OF PUBLICATIONS SHOULD BE CANALIZED 


There are even more motives than the foregoing, but it is clear now that publication 
as such is necessary and also of importance to stimulate writers to broaden and deepen 
the understanding of their chosen field. 

Through writing a manuscript one’s insight is improved, often new ideas arise and 
often many contacts are made. 

A research worker who writes a good publication gives permanent evidence of the 
fruitfulness of his work. 

Many times I have been in a position to follow closely the preparation of a manus- 
cript. I have always admired the zeal and patience with which the writers try to make a 
manuscript ready for the press, by way of various stages of preparation. 

When various documentalists assert that ambition is the mainspring of writing the 
conclusion must be that they need more information. A discussion of documentalists 
and research workers would be fruitful. 

In my opinion the spate of publications cannot be checked but the way of publication 
can be improved. 


It can be shown that a considerable amount of important data in plant breeders 
files remains to be published. This does not include the articles which editors consider 
non-suitable but the results of investigations by workers who apparently have not 
enough time to prepare a manuscript. It would be of value if the amount of unpublished 
results could be reduced, possibly through the intermediary of agricultural translators 
and editors who are specially trained for the job. 

Since 1945 the number of research workers has grown considerably. The logical 
consequence is that publication will remain on the increase. Most articles on plant 
breeding will be of importance all over the world and also serve as a source for inter- 
national reviews. 

In the field of plant breeding the problem is not documentation but efficient 
publication. And the solution is not limitation of the number of publications or 
charging by authorities a given country with issuing an international journal, but 
a spontaneous increase of the number of specialized periodicals, published in English, 
and national as concerns editors. Experience with. Euphytica shows that this national 
journal stimulates the Dutch research workers to publish their results and insight. 

Plant breeding institutes and breeding establishments will readily take a sub- 
scription of a professional journal but they will not subscribe to foreign general 
periodicals in which they can find an article on plant breeding only now and then. If 
specific plant breeding research would be published in existing or new periodicals on 
plant breeding much would be gained. 

Substitution of the professional journals (Der Züchter, Zeitschrift für Pflanzen- 
züchtung, Annales de PAmélioration, Genetica Agraria, etc.) by one comprehensive 
international scientific journal, which would be published in many parts annually, 
seems a utopia. 

From various plant breeders 1 have received suggestions with reference to my 
previous article on efficiency in publishing the results of plant breeding research. Some 
days ago a professor of plant breeding wrote to me: 

“T have been a subscriber to Euphytica since its inception and 1 believe it is a Journal 
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that should get world-wide support. In comment on your articles on publishing plant 
breeding research, I believe it would be an advantage to expand the present Euphytica 
instead of other countries starting new ones. As the need arises, more issues could be 
added, and this journal could become the international journal of plant breeding. This 
should also increase subscriptions. Also, with increased issues an increase in sub- 
scription charges could be made.” 

After mentioning in my reply the eight countries which might edit a journal on 
plant breeding in English and raising my objections against one international journal 
of plant breeding in English instead (which would become very voluminous) L re- 
ceived the following answer. 

“T agree with you that it is expecting too much to publish all plant breeding articles 
in one journal. However, yours is the only one which is specific for plant breeding. 
Other national journals are all combinations of breeding and related subject matter; 
for example, Crop Science will include physiology, statistics, ecology and genetics; 
the Japanese Journal of Breeding is for plants and animals; the Indian Journal of 
Genetics and Plant Breeding covers more than just plant breeding. 

The encouragement of national plant breeding journals should be emphasized, but, 
at the same time, Euphytica deserves the whole-hearted support of all plant breeders 
as it is the only journal at present, published in English, that concerns itself with the 
science of plant breeding.” 


Although the contents of these letters are very encouraging for Euphytica, 1 con- 
sider it desirable to maintain the national character of the Editorial Board and to 
found also in several other countries national journals of plant breeding written in 
English, a language which is understood by scientists all over the world. The national 
character stimulates publication of more research performed in the country concerned. 

Euphytica hopes to continue free co-operation with research workers and plant bree- 
ders in other countries. More subscriptions will enable us to give more pages at the 
same subscription rate. Primarily, it proposes to give Dutch breeders and scientists an 
opportunity of publishing the results of their endeavours in matters relating to the im- 
provement of cultivated plants. The number of Dutch investigators and successful bree- 
ders from which Euphytica can expect manuscripts amounts to about 150. Euphytica 
will publish more articles in English from other countries when more pages are available 
(more subscriptions, publication charges, grants, etc.). A volume with about 40 articles 
(including 20 from other countries) and about 360 pages can be realized in 1961. 


Contrarily, [ consider it of great importance that there is only one international 
periodical of reference (Plant Breeding Abstracts) and that every effort is made to 
support this really international journal. This can be done by drawing attention to 
it and by sending them references from various countries in English, but also by 
decreasing the publication of references in other periodicals. 


REFERENCES 


1. HAAN, H. pe, Efficiency in publishing the results of plant breeding research. Euphytica 8 (1959): 
266-269. 


2. MALTHA, D. J., Nationale of internationale tijdschriften? Landbouwkundig Tijdschrift 72 (1960): 
853-854. 


204 


Euphytica 10 (1961): 205-208 
CORRELATIONS IN PLANT BREEDING 


N. GILBERT 
John Innes Institute, Bayfordbury, Hertford, Herts. 
Received 16 March 1961 


ABSTRACT 


Even small correlations between seedling and adult characters can be used for seed- 
ling selection. Even small correlations between desirable adult characters alter con- 
siderably the necessary progeny size. 


INTRODUCTION 


This paper considers the use of correlations in seedling selection and in the estima- 
tion of required progeny sizes. Usually we do not take much notice of a correlation r 
(between two measurements x and y on each plant) unless it is about 4/; or more, since 
the fraction of the variation in x that can be attributed to y (or vice versa) is only r°. 
But when we are selecting hard, even small correlations can have important effects. 


ALGEBRA 


This section shows how the numerical results presented later are derived. Plant 
breeders can take it on trust. It is assumed that x and y are selected equally hard, as the 
general conclusion is not materially altered in other cases. 

We have two standardized Normal deviates x and y. The top fraction p of the 
values of x is selected by taking x a where 


1 —erf (a) = 2p 


Then prob (x>-a, y>-4) 
Co OO 
1 Ea 2 
a ile nb po Ë dare dxdy 
2 Vl -r? 1-—r? 
a a 


Then (1) prob (ya given x>>4) — 4 


= f, say. 


which gives the proportion of values of y exceeding a in the set of all plants with 


x>=a; if r = Oit will of course equal p, and if r — 1 it will equal 1. 
2 


(2) Ee compares the proportion of plants that excel in both x and y (ie. x>>a and 


y>=a) when x, y are uncorrelated, and the proportion that actually occurs. The 
function fis obtained from the tables of EveriTT (1) and Lre (2). A similar method is 
used by Keurs and SIEBEN (3), who consider the correlation between the genotypic 
and phenotypic values of one character. 
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SEEDLING SELECTION 


The idea of preliminary selection at the seedling stage is not new. It was used ex- 
tensively by those successful (if unscientific) men, MICHURIN and BURBANK, for breed- 
ing plants and indeed by the Spartans for breeding Spartans. It is not often used at 
the present time (except unconsciously when pricking out seedlings), perhaps because 
it is not realized that even small correlations can be useful. The method depends on 
the existence of a genetic correlation between some seedling character x and a desired 
adult character y. Suppose that, in the unselected population, a fraction p is regarded 
as showing “superior” values of y. Table 1 shows the frequency of “superior” y within 
that fraction p of the population that is selected for high values of x. 


TABLE 1. VALUES of f/p 


p SIA 1 0.5 % 

r Frequency (%) 

0 5 1.0 0.5 
52 U 3.4 Dal 
4 19 9 2 
6 31 19 15 
„8 50 38 34 

1 100 100 100 


Quite small correlations are effective in increasing the frequency of “superior” y. 
For each value of r,‚ the more intense the selection (i.e. the smaller p), the more effec- 
tive is the seedling selection. 

The next question is, do suitable correlations occur and if so does the method work 
in practice? Carrots, potatoes, sugar beet and turnips grown in the field showed corre- 
lations of about 0.4 between size of cotyledons or first true leaves and yield. The leaf 
sizes were measured as length x breadth, one to three weeks after germination. 
Radishes grown in boxes or pots gave a similar correlation of about 0.7, this figure 
being unaffected by different plant spacings. An optimistic search for a correlation 
between chlorophyll intensity and sugar % in sugar beet came to nothing. Radishes 
were selected for cotyledon size and their progeny grown. The selection was made 
quickly by progressive elimination, not by measuring each seedling. The mean yields 
of the progeny were: 

Cotyledon size of parents 


Large Unselected Small 


98.6 7972 65.3 (48.5) 


It must be emphasized that these figures refer to the progeny of selected plants, not 
to the selected plants themselves. 
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As selection proceeds we may expect the genetic part of a correlation to become less 
important, so that seedling selection will become less effective. But so will direct 
selection on the adult phenotype. Seedling selection promises to be a remarkably 
powerful method, unjustly neglected at the present time. 


ESTIMATION OF REQUIRED PROGENY SIZE 


Two measurements x and y are made on each adult plant. For any plant to be 
selected by the breeder, it must appear in the top fraction p of x’s and in the top frac- 
tion p of y’s. If x and y are uncorrelated, the frequency of such plants will be p?, so 
that one such plant will occur on average in a progeny of size N — !/p? plants and we 
can be 95 % sure that at least one such plant will occur in a progeny of size 3N (the 
figure 3 derives from the PorssoN distribution). If x and y are negatively correlated — 
Le. the better a plant is for one character the less likely it is to be good for the other —, 
this progeny size has to be increased. Conversely, the figure 3N is unnecessarily large 
if the two characters are positively correlated. Table 2 shows the factor by which the 
estimated progeny size must be multiplied to allow for correlation. 


TABLE 2. VALUES OF p?/f 


p SW ID O4 

r Factor 

‚4 „26 11 „08 

5) 23 „18 s8) 

52 „48 2) 24 

afl „67 EZ „46 
1 1.6 22 255 
—2 2 5.6 7.6 
—3 5.4 18 30 
4 12.5 56 139 


Once again, the more intense the selection (i.e. the smaller p), the more serious is the 
effect produced by correlation. Where more than two characters are included in an 
“acceptable” plant, the mathematics become correspondingly more complex; but 
consideration of the cases r = O and r = 1 suggests that, for each new character in- 
troduced, we should take the largest correlation of that character with any previous 
character. 

These conclusions are, of course, pointless if no such correlations exist. Apple and 
potato progenies grown in this Institute furnish rough estimates of correlations that 
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occur in practice. Most of the characters were recorded as scores rather than as mea- 
surements, so that these correlations do not follow the usual distribution exactly. 


Potatoes, good shape Xx tuber size —_25 
(175 df.) tuber size X short stolons —22 
few tubers x short stolons —+.38 


Apples mildew resistance X fruit size +.10 
(408 df.) 
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ÄBSTRACT 


Genetic analysis of a diallel series of crosses involving six varieties of winter wheat 
is described. Predictions on the potentialities of the parental combinations involved 
are made, based on the analysis of yielding capacity and its principal components 
(grain weight, grains per ear and ears per plant) obtained in F, and F, trials. 

The validity of these predictions is estimated by comparison with estimates of mean 
yield and variance in yielding capacity obtained from trials, in F3 and F,, of randomly 
selected F, plant progenies from each of the component crosses. The results obtained 
are discussed in relation to practical problems of crop prediction, and a system is 
outlined combining the analysis of diallel series of crosses in F,‚ and F, with trials, in 
F3 and F,, of F, plant progenies from selected crosses. 


INTRODUCTION 


The choice of parents in the planning of a crossing programme presents the breeder 
of self-pollinating crops with a highly complex problem. The analysis of diallel series 
of crosses in such crops, as described by HAYMAN (1954) and Jinks (1954, 1956) has 
provided him with a tool which may be of the greatest value in assessing the merits of 
possible parental combinations. In the second paper in this series, WHITEHOUSE, 
THOMPSON and RrBEIRO (1958) described an application of this technique in the 
analysis of a diallel series of crosses in spring wheat. Their example, however, involved 
crosses between varieties chosen on account of their suitability for genetical study 
rather than because of their agricultural value. Furthermore their analysis was confined 
to studies in the F,‚ and F, generations, though, as they point out, the value of the 
predictions made cannot be estimated until true breeding lines have been selected 
from the hybrid populations. 

The experiments described in this paper involve hybrids between well known 
varieties of winter wheat and comprise crosses being handled in the current breeding 
programme at this Institute. The number of parental varieties is greater than that in 
the experiments described by WHITEHOUSE et al, (1958) with a consequent improve- 
ment in the precision of the predictions made. Besides the analysis of the F, and F, 
trials, an assessment is made of the value of parental combinations by considering the 
performance, in the F, and F, generations, of selections made within each cross. In 
this way a completely independent estimate of the potentialities of each parental 
combination is obtained. 
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MATERIALS AND METHODS 


A diallel series of crosses was made in 1955 between the bread wheat varieties 
Holdfast, Yeoman, Cappelle, Hybrid 46, Heine VII and Minister; reciprocal crosses 
were not made and a minimum of 70 grains was obtained from each cross. 

F, grain from these crosses was grown in a 5 replicate yield trial in 1955/56, using 
plots of 12 plants spaced six inches apart. These plots were harvested on a single plant 
basis and estimates made of the number of ears per plant, grains per ear and 1,000 
grain weight. The product of these components gave an estimate of grain yield. 

Two trials of F, grain from the diallel series of crosses were grown in 1956/57; in 
each case an unselected bulk of grain from the F, yield trial was used. In the first F, 
trial, bulks of grain of each of the crosses and of the parental varieties were drilled at a 
rate of one gramme of seed per foot of drill. In the second trial grain was spaced four 
inches apart with six inches between rows. The yield of grain from each plant in this 
trial was determined, and in three of the five replications, estimates were made of the 
number of ears per plant, grains per ear and 1,000 grain weight. 

It was noted that a proportion of the plants in certain of the crosses involving the 
variety Minister showed a semi-lethal leaf yellowing in May and June. This phenome- 
non, which was also seen in crosses involving Minister in F;, is confirmed by observa- 
tions reported by HERMSEN (1957, 1960). Since the plants not showing yellowing 
appeared to be completely healthy, it seemed unreasonable to allow the presence of a 
proportion of yellowed plants to influence the assessment of the value of the Minister 
crosses. All plants showing leaf yellowing in the spaced plant trial were therefore 
marked in the field, and were disregarded in the analysis of the F, trial. The weaker 
competition for light and nutrients offered by the yellowed plants to their healthy 
neighbours introduced a source of error for which no compensation could be made. 
A few affected plants which eseaped detection and were subsequently sown in the F; 
trial were disregarded in the analysis of this trial. 

The trials in Fz and F, compared the progenies of randomly selected F, plants 
from each parental combination. The trials were laid out in augmented randomised 
complete block designs, as described by FEDERER (1956). In both F; and F4 trials, 
selections from each cross were arranged in blocks of 51 plots; each block comprised 
three selections from each of the 15 crosses and one plot of each of the six parents of 
the diallel series. Analysis of variance of the parental plots gave estimates of the 
standard errors of the yield estimates of hybrid selections. 

In the F; trial, grown in 1957/58, 120 selections from each cross were sown in 
40 blocks. The seed was hand dibbed with two inches between plants and six inches 
between rows. Each plot consisted of two rows four feet long. The blocks were each 
divided into three equal portions by systematically arranged plots of Cappelle. These 
served as extra controls; their yields, together with those of the parental varieties, were 
used to estimate the variations in fertility through the trial as described by FEDERER. 

By the F, greater quantities of seed were available and larger plots could therefore 
be sown. In this trial, grown in 1958/59, 36 selections from each cross were sown in 
12 blocks. The grain was drilled at a seed rate of one gramme per foot, with a plot 
size of two drills eight inches apart and 12 feet long. Plots of Cappelle were sown as 
extra controls along the margins of each block. 
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THE F, AND F3 TRIALS 


The data obtained in the F, and F, trials are summarised in Table 1. This table also 
gives mean yield figures for each parent and parental combination in the trials of 
random selections in Fz and F,. Statistically significant differences in yield and in its 
components were obtained from each of the trials. Values of the least significant 
differences, P — 0.05, are given in the table. 

The data obtained from the F, and F, trials were analysed according to the technique 
evolved by JINKS (1954) and HAYMAN (1954). 

The procedure used is described in detail in an earlier paper in this series (WHITE- 
HOUSE ef al, 1958). The data for each character considered are grouped in arrays, each 
consisting of one parent and the crosses derived from it. The variance of each array 
(Vr) and its co-variance with the non-recurrent parents (Wr) are computed and 
graphs of Wr against Vr constructed. From these graphs predictions can be made on 
the relative values of the parental combinations studied. 


1000 grain weight 


The Wr Vr relationships for 1000 grain weight obtained from the F, trial data are 
shown in Figure Ll. Figure Ia shows the relationships obtained when all arrays were 
considered. In this graph a non-significant regression of slope 0.56 + 0.33 was obtained. 
Elimination in turn of the Yeoman and Minister arrays (Figures Ib and Ic) gave 
highly significant regressions of slope 1.16 + 0.08 and 1.03 + 0.08. Non-allelic 
interaction may therefore be expected in the cross of Yeoman with Minister. It will be 
seen from Table 1 however that the 1000 grain weight of this cross is considerably 
lower than that of either of its parents so that the interaction is unlikely to favour 
high expression of this character. 


Figure Ì 
W‚ V‚ GRAPHS, 1.000 GRAIN WeIcHt, F 
Ficvae Ta Figvae If Ficvae Ic 
ALi AanarYs OMITTING YEOMAN ARRAY OMI TTING MINISTER ARRAY 

Vr Wr Ve We Vv. We 
HoLDFAST Q UI 336 HoLDFAST __Q Jh 373 HoLoFAST Q 259 4O:l 
Een Re 5 29:8 CAPPELLE S b-8 191 YEOMAN R 3-7 LA 
CAPPELLE S 5-9 135 Hygain Lb TT Ib A51 CAPPELLE S 7-0 18:0 
Hrario bb TT 139 25-0 HEINE VI U 17 %6 HyoriD bó  T IJ-h 315 
HEINE WI U 182 A75 MINISTER _ VY ql 185 Heine YI Ue RORE) 
MINISTER _ V 23 240 Vs 622 Vs 661 


b:0:56* 03 
P O-l- 0-05 


b=l-16 + 0:08 
P<{0-001 


b=1-03 20-08 
P{0:00} 
20 
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BREEDING OF SELF-POLLINATING CEREALS 


The regression lines obtained after the elimination of the Yeoman or Minister 
arrays were in each case almost tangential to the limiting parabola. This indicates 
that, apart from the cross of Yeoman with Minister, 1000 grain weight is inherited 
with very little dominance, so that the grain weight of each parental combination 
approximates to the parental mean. Under these circumstances the relative positions 
of the points along the Wr Vr regression line are difficult to interpret, and the best 
chance of improvement will be obtained from the crosses with the highest expression 
of 1000 grain weight, which may be seen from Table I to be Yeoman x Cappelle, 
Cappelle x Heine VII, Cappelle x Hybrid 46 and Heine VII x Hybrid 46. 


FiauRE à 
We Ve GRAPHS.I000 GRAIN WEIGHT, Fo 
FigvaE da Figure àl 
SPACED PLANT TRIAL DRILLED TaIAL 
Mi Ve We 
HoLoFasT « _Q [0-7 186 HoLDFAST Q 76 161 
YEOMAN R 84 158 YEOMAN R U-b  19-7 
CAPPELLE 5 10:3 15-3 CaPPELLE S 18 15-) 
HyarRiD bb a 85 143 HyariD bb A Ql  M5 
Heine YI U 86 16-b Heive UI U Ie 14-0 
MINISTER M nESe ANS) MINISTER 4 10-7 18-12 
Vs Jl-à Vs 361 
we j 


We 


20 


10 


bz |-OI4 0-48 
P 0-1- 0:05 


bz 0.96 +015 
p 0-01 -0.001 


et 
20 30 We 


The Wr Vr relations obtained from the F, trial data are given in Figure 2. The 
relationships in Figure 2a were obtained from the spaced-plant trial and those in 
Figure 2b from the drilled trial. The results obtained in the F, trials largely confirm 
those obtained in the F,, though the F, data gave no indication of non-allelic inter- 
action in the cross of Yeoman with Minister. This probably reflects the different 
growing conditions in the trials concerned, and also the effect of the severe genetic 
yellowing seen in the F, of the cross of Yeoman with Minister. As has been mentioned, 
yellowed segregates were not considered in the analysis of the F, spaced-plant trial and 
it is likely that such plants suffered severely in competition with healthy plants in the 
drilled trial, and so contributed little to this trial also. 

Wr Vr regressions of 1.01 —+ 0.48 and 0.96 + 0.15 were obtained from the drilled 
and spaced-plant trials respectively. The regression lines were in each case almost 
tangential to the limiting parabola so that the relative positions of points along them 
are difficult to interpret. The most promising crosses are therefore those with the 
highest expression of grain weight, that is those of Hybrid 46 with Cappelle, Heine VII 
and Minister and the cross Cappelle x Heine VIL. 
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Grains per ear 


The Wr Vr relationships for grains per ear obtained from the F, trial are shown in 
Figure 3. Analysis of all arrays gives a random scatter of points, suggesting non- 
allelic interaction between the factors determining this character (Figure 3a). Regres- 
sions of 0.54 + 0.15 and 0.59 + 0.15 respectively were obtained when the Yeoman 
and Minister arrays were eliminated. Since the regressions obtained when these two 
varieties are eliminated in turn are significantly less than unity, it appears that there 
is a generalised interaction in the crosses of these varieties with Holdfast, Cappelle, 
Hybrid 46 and Heine VII. In the case of the Minister crosses this may be associated 
with the leaf yellowing referred to above. 


FIGURE Ô 
WV, GRAPHS, GRAINS PER Ean F‚ 

FIGURE Ja FIGURES b 

Aur Arrays OMITTING YEOMAN 

v__M ANO MINISTER ARRAYS 
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CAPPELLE Se dee GG CAPPELLE $ 8 68 
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HEiNE YI U 6-6 3-A HeinE YI U 61 7-0 
MinisTER YY _ All 13:8 q.8 


tr: 0-44 20-20 
Pp 0-05- 0-0l 


The hypothesis concerning a generalised interaction is supported by the observation 
that a regression of 0.99 + 0.20 was obtained when both Yeoman and Minister arrays 
were eliminated (Figure 3b). This regression line passes very close to the origin of the 
Wr Vr graph, indicating that the character grains per ear is inherited with a completely 
dominant genetic relationship. The point on this graph corresponding to the variety 
with the largest number of grains per ear, that is Hybrid 46, lies very close to the 
origin. This suggests that high expression of this character is genetically dominant to 
lower expression, though the positions of other points on the Wr Vr regression suggest 
that some dominant factors may also determine low expression. It is unlikely however 
that any improvement over Hybrid 46 in expression of this character can be expected 
in this group of crosses. 

The Wr Vr relations in the F, trial are shown in Figure 4. A consideration of all 
arrays again leads to a random scatter of points (Figure 4a) but regressions of 1.57 + 
0.37 and 0.78 + 0.39 respectively were obtained by elimination of the Heine VII and 
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Figure bk 
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Minister arrays (Figures 4b and 4c). It therefore appears that non-allelic interaction 
occurs in the cross Heine VII x Minister and since this cross shows a very high 
expression of grains per ear, selection within it would seem worth attempting. 

In contrast to the position in the F,, high expression of grains per ear was inherited 
in F, as a genetic recessive. The position on the Wr Vr regression line corresponding 
to the variety Hybrid 46, which has the highest expression of this character lies 
however at some distance from the point of intersection of the regression line with 
the limiting parabola. There appears therefore to be a reasonable chance of improve- 
ment in this character within the range of crosses not showing non-allelic interaction. 


Ears per plant 


The Wr Vr relationships for ears per plant obtained from the F, trial are shown in 
Figure 5. Consideration of all arrays gives a random scatter of points; elimination of 
the Heine VII and Cappelle arrays, however, leaves significant regressions of 0.79 
+ 0.05 and 0.59 + 0.15 respectively. The former regression coefficient differs signifi- 
cantly from unity, and although the latter coefficient does not do so, it appears that 
there is a generalised interaction in the crosses of Heine VII and Cappelle with 
Holdfast, Yeoman, Minister and Hybrid 46. When both Heine VII and Cappelle 
arrays are eliminated, a regression of 0.61 + 0.13, not differing significantly from 
unity, is obtained. 

The points on the Wr Vr regression corresponding to the varieties Holdfast, Cappelle 
and Hybrid 46 lie very close to the origin and those corresponding to Yeoman, Heine 
VII and Minister close to the intersection with the limiting parabola. Since Yeoman 
and Minister have the largest numbers of ears per plant, it appears that high expression 
of this character is in general inherited as a genetic recessive. It will be seen from Table Ì 
that the highest expression of ears per plant was obtained from the crosses Yeoman 
x Minister, Cappelle x Heine VIl and Heine VII x Minister; selection in these 
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crosses would seem worth while though no marked increase over the expression shown 


by the parental varieties could be expected. 


The Wr Vr relationships obtained from the F, trial are shown in Figure 6. Considera- 


tion of all arrays gives a regression of 0.58 —| 


- 0.05, which differs significantly from 


unity, suggesting some interaction between the factors determining this character. 
Elimination of the Holdfast and Yeoman arrays gives regressions of 0.88 + 0.09 and 
0.79 + 0.10 respectively, neither of which differs significantly from unity, thus indica- 
ting that the interaction is concerned with the cross between these two varieties. 

As in the F‚ trial it will be noted that the points on the Wr Vr graphs corresponding 
to the varieties with the lowest numbers of ears per plant lie closest to the origin, so 
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Figure 6 
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that high expression of this character is again inherited as a genetic recessive. In 
contrast to the F, trial, however, the points corresponding to the varieties Cappelle, 
Minister and Yeoman, which have the largest numbers of ears per plant, lie at some 
distance from the point of interaction with the limiting parabola. There seems therefore 
to be a good chance of obtaining selections showing transgressive segregation for high 
expression of this character in crosses between these three varieties. 


Yielding Capacity 


The interpretation of yielding capacity, which is in effect the product of the factors 
which have been considered in the foregoing paragraphs, presents considerably greater 
difficulties than are encountered in dealing with its components. 
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The Wr Vr graphs obtained from the F‚ data are shown in Figure 7. A random 
scatter of points is obtained when all arrays are considered (Figure 7a) and the elimina- 
tion of single arrays in no case gives rise to a significant regression. Regressions of 
1.14 + 0.58 and 0.90 + 0.45 respectively are obtained when the Yeoman and Cappelle 
or Minister and Cappelle arrays are eliminated. A more refined analysis of variance, in 
which data from each replication is separately analysed, reduces the standard errors 
of the regression coefficients, giving values of 0.82 + 0.09 and 0.56 + 0.18 respectively. 
Elimination of the Yeoman and Minister arrays gives a random scatter of points. 

Consideration of this data leads to the following argument: 


Elimination of Cappelle and Yeoman arrays removes interaction. 

Elimination of Cappelle and Minister arrays removes interaction. 

Elimination of Minister and Yeoman arrays does not remove interaction. 

Interaction therefore takes place in crosses involving Cappelle. 

But elimination of Cappelle alone does not remove interaction. 

A further source of interaction involving the varieties Yeoman and Minister must 
therefore be present. 
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The cross of Minister with Yeoman has already been noted as showing non-allelic 
interaction for grain weight and number of grains per ear, but no indication of non- 
allelic interaction in crosses involving Cappelle has previously been obtained. This 
situation is very similar to that described by WHITEHOUSE, et al. (1958) who found 
evidence of non-allelic interaction for yield in a diallel set of crosses involving four 
spring wheat varieties, though no indication of such interaction was obtained when 
the yield components were considered separately. 

A consideration of the Wr Vr regressions in Figures 7b and 7c shows that within 
the range of crosses not showing non-allelic interaction, yielding capacity is inherited 
with a completely dominant genetic relationship, and that high expression is in general 
dominant. The position of the point corresponding to the high yielding variety 
Minister indicates, however, that some of the genes determining high yielding capacity 
may be recessive. This agrees with the observation made concerning the inheritance of 
number of ears per plant but may arise as a result of the genetic leaf yellowing 
seen in crosses involving this variety. 

The cross of Yeoman with Minister was significantly lower yielding than the mean 
of its two parents, so that it appears that the non-allelic interaction shown by this 
cross is unlikely to favour the plant breeder and is probably concerned with the severe 
leaf yellowing seen in early summer. Of the crosses involving Cappelle, those of this 
variety with Yeoman and Heine VI outyielded both their parents and would appear 
to be worth further investigation. The intermediate positions of the points corre- 
sponding to the variety Heine VII on the Wr Vr graphs suggests that selection in the 
cross of this variety with Hybrid 46 would also be worth consideration. 

The Wr Vr graphs obtained from the F, yield data are shown in Figure 8. Although 
evidence of non-allelic interaction was obtained in the analysis of grains per ear and of 
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ears per plant, no evidence of such interaction for yielding capacity was found in either 
the drilled or the spaced-plant trial. In the Wr Vr graphs, regressions of 0.97 + 0.09 
and 0.91 + 0.03 were obtained from the drilled trial and spaced-plant trial respectively. 

There is a marked contrast between the positions of the points on the Wr Vr 
regressions obtained from the spaced-plant and drilled trials, although the positions 
obtained from the drilled trial correspond fairly closely with those obtained from the 
non-interacting crosses in the F, trial. The points on the regression line obtained from 
the drilled trial corresponding to the varieties with the higher yielding capacities lie 
near to the origin of the graph. This indicates that high yielding capacity is in this 
trial inherited as a dominant character. In the spaced plant trial, on the other hand, 
the positions of the points on the regression line bear little relation to those obtained 
from other trials and no such clear cut dominance relationship can be seen. In 
particular, attention may be drawn to the positions of the points corresponding to the 
variety Cappelle. This variety was the highest yielder in both trials, but its position on 
the Wr Vr graphs lies closest to the origin in the case of the drilled trial but furthest 
from it on the graph from the spaced-plant trial. 

The change in the system of inheritance of yield must result from the contrasting 
environments in which the two trials were grown. The most obvious environmental 
difference is that the inter-plant competition in the drilled trial is much greater than in 
the spaced-plant trial, so that differences between the number of ears produced per 
plant would be reduced. It will be recalled that high expression of number of ears per 
plant is inherited as a recessive character, while high expression of the other com- 
ponents is inherited as dominant. Under the conditions of the spaced-plant trial, 
therefore, yield is determined by factors with opposing dominance relationships, 
though in the drilled trial the dominant factors would be likely to have the greater 
influence. 

Since the environment in which the drilled trial was grown approaches most closely 
to that obtaining under normal farming conditions, considerable importance must be 
attached to cross predictions made on the evidence obtained in this trial. Although, 
as has been said, high expression of yielding capacity appears to be principally 
determined by dominant genes, it is evident that this isnot entirely the case, since 
although the points on the Wr Vr regression for the high yielding varieties Cappelle 
and Heine VII lie near the origin of the graph, so also does that for the relatively low 
yielding variety Hybrid 46; furthermore, the point for the high yielding variety 
Minister lies at some distance from the origin. It appears therefore that the varieties 
Cappelle and Heine VII must carry a proportion of dominant genes determining lower 
yielding capacity the recessive alleles of which are carried by Minister. The most 
promising crosses would therefore appear to be Heine VIT x Cappelle, Heine VII x 
Minister and Cappelle x Minister. An examination of the yield data in Table [ shows 
that these crosses are all relatively high yielding, and indicates that the crosses Minister 
x Hybrid 46 and Yeoman X Cappelle might also repay further study. As has been 
mentioned, a proportion of the F, segregates from the Minister crosses exhibited a 
semi-lethal leaf yellowing. Such yellowed plants were eliminated as far as possible 
before analysis of the spaced-plant trial, but this was not possible in the case of the 
drilled trial. The yield figures obtained from these crosses may not therefore give a fair 
indication of the yielding potential of the better selections within them. 
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Cross prediction from consideration of the Wr Vr regressions obtained from the 
spaced-plant trial is not possible since yielding capacity is not determined by any clear 
cut dominance relationship. A consideration of the yield data in Table 1 shows 
however that the highest yields were obtained from the crosses of Minister with 
Yeoman, Cappelle and Heine VII and of Cappelle with Yeoman and Heine VI. 
Selection within these crosses would appear to be worth attempting. 


TABLE 2. CROSSES SELECTED FROM F, AND F3 DIALLEL TRIALS 


F, F, 
Yeoman X Cappelle 
Cappelle x Heine VII 
Cappelle x Hybrid 46 
Heine VII x Hybrid 46 


1000 grain weight , 
Cappelle Xx Heine VII 
Cappelle x Hybrid 46 
Heine VII x Hybrid 46 
Minister X Hybrid 46 
Hybrid 46 crosses Hybrid 46 crosses 
Heine VII x Minister 


Grains per ear 


Minister Xx Heine VII 
Yeoman XxX Minister 


Ears per plant 
Yeoman X Minister 
Yeoman X Cappelle 
Cappelle x Minister 


Yield 


Cappelle x Heine VII 
Yeoman Xx Cappelle 
Heine VII Xx Hybrid 46 


drilled trial 
Cappelle Xx Heine VII 
Yeoman X Cappelle 


Heine VIL Xx Minister 


spaced plants 
Cappelle x Heine VII 
Yeoman X Cappelle 


Heine VII Xx Minister 


Cappelle x Minister 
Minister x Hybrid 46 


Cappelle x Minister 


Yeoman X Minister 


The cross predictions made on the basis of the F,‚ and F, trials are summarised in 
Table 2. It is interesting to note that despite the very great differences in environmental 
conditions under which these trials were grown, the crosses Yeoman x Cappelle and 
Cappelle Xx Heine VII have been noted as showing promise of giving rise to high 
yielding selections in all cases. 


F3 AND F4 TRIALS 


In order to obtain an independent assessment of the merits of the parental combina- 
tions used in this diallel series of crosses, the progenies of randomly selected F, plants 
from each cross were grown in yield trials in Fz and F,, together with plots of the 
parental varieties. An application of Bartlett’s test for homogeneity to this data showed 
that there were highly significant differences between the variances of the selections from 
different crosses. There was, however, no evidence of differences between the variances 
of the plots of parental varieties. Since plots of each of the parental varieties were 
sown from the same seed stocks, the mean parental variance gives an estimate of the 
environmental component of the variances of the hybrid populations. If this figure is 
subtracted from the observed variances of the selections from each cross, the remainder 
gives an estimate of their genetic variances. These figures, and figures for the genetic 
standard deviations derived from them, are given in Table 3. 
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TABLE 3. MEAN YIELDS AND GENETIC VARIANCES OF PARENTAL COMBINATIONS (YIELDS EXPRESSED AS os 
OF CAPPELLE) 


B: F, 
Mean Genetic | Genetic Mean ‘ Genetic | Genetic 
Yield | Variance S.D. Yield | Variance S.D. 
Holdfast x Cappelle . .. 92.2 250 15.8 94,1 89 6.0 
ka xXx Hybrid46 . .. 90.6 241 5) 97,4 92.3 9.6 
od AISeme Mb 5 78.5 307 (85 89.1 78.9 8.9 
oe X Minister | 81.5 241 15.5 95,3 104.8 10.5 
55 „eVeomane. ma 1 08305 71 Sede 87.7 89.1 9,4 
Meomanr Cappelle za 98.2 289 17.0 95.3 OS 7.6 
En EH vbrid on 97.2 228 ISA 95.9 1E 8.8 
Es paHemne vile 90.3 317 17.8 94,1 br) 6.7 
zn NM misten. 83.8 314 177 97.8 177.5 13.3 
Cappelle Xx Hybrid46 ... 98.3 217 14.7 101.1 54.9 7.6 
Ee PLTeinenvl Ren 98.3 260 16.1 98.4 82.3 9.1 
oe pe Müinistermm wa 97.7 210 14.5 112.0 59.0 Teu 
Hybrid 46 x Heine VI... 106.7 153 12.5 104.5 19.6 4,4 
55 SaNnistenmmen 104.7 BO 17 O/D 120.0 10.9 
Etemne NIS Ministers 105.0 93 9.6 IKO) 60.1 ne 
BIeletogeneI vec 30.36 41.01 
(Bartlett’s Test) P 0.01 P<.001 
0.001 | 


The assessment of the relative merits of the crosses involves a joint consideration of 
the mean yield and the genetic standard deviation of yield of each parental combina- 
tion. Figure 9 indicates these two statistics in such a way that they may conveniently 
be considered together. The distances between the inner marks on the horizontal lines 
in this diagram indicate the genetic standard deviations of each parental combination 
and those between the outer marks their 5 %/ fiducial limits. The arrow in the middle 
of each line indicates the mean yield of the selections from the parental combination 
concerned. The distance which the lines extend to the right beyond any given yield 
value thus indicates the number of selections which may be expected to outyield that 
value, and hence the potentialities of the cross concerned. 

It will be seen that certain crosses with large standard deviations but low mean 
yields show greater promise than others with higher means but lower standard 
deviations. Fisher’s test for normality showed that the yield distributions obtained fit 
with acceptable probability to the normal distribution. No evidence of skewness was 
obtained, but some distributions showed slight negative kurtosis. Such kurtosis will 
result in an under-estimation of the standard deviations of the crosses concerned and 
thus to a pessimistic estimate of the chance of obtaining valuable selections from them. 

A reasonable level of agreement was seen between the results obtained in successive 
years of trial. The crosses of Minister with Yeoman, Cappelle, Heine VII and Hybrid 
46 were outstanding in each year, and it is evident that the variety Minister shows 
considerable promise as a parent. These crosses, it will be recalled, had also been noted 
‚as showing promise in the analysis of the trials of unselected bulks in F,. Of the other 
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crosses noted in the analysis of F, and Ftrials that of Yeoman with Cappelle had a 
high variance in Fz and appeared promising in spite of its low mean yield. In F,, 
however, its variance was not so large. The cross of Cappelle with Heine VII also 
showed promise in F3 but less in F,. 


DISCUSSION 


The choice of parents in breeding for yield, or any other polygenically determined 
character, is a matter of considerable importance to the plant breeder. In meeting this 
problem some progress can be made by a consideration of the possible parental 
varieties themselves. In the absence of obvious selection characters such as disease 
resistance or winter hardiness, an analysis of the principal yield components — tiller 
number, grains per ear or grain size — may give useful evidence of the merits of different 
parental combinations. The value of such analysis is, however, severely limited by the 
extent to which high expression of one of these components is compensated by reduc- 
tion in others. It is therefore necessary either to examine the basic physiologic factors 
underlying varietal differences, or to hybridise potential parental combinations and 
assess their merits by considering the behaviour of their progenies. 

Information on the physiologic differences between varieties is very limited, and 
offers a wide field of research. The present study is, however, concerned with the 
assessment of parental combinations by consideration of the behaviour of hybrids 
or hybrid populations derived from them. 

It is clearly desirable that the breeder should be able to assess the merits of his 
crosses at as early a stage as possible in his breeding programme. The technique for 
the analysis of diallel sets of crosses on the results of trials in F, and F, is thus of very 
great interest to him. The value of such a technique, however, clearly depends on the - 
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precision and reliability of the deductions which can be made after analysis of the 
data obtained. 

Consideration of the F, and F, trials described in this paper clearly indicates the 
difficulties involved in the interpretation of trials of this type. These difficulties largely 
arise as a result of the varied conditions under which the trials were grown. It is, of 
course, impossible to simulate agricultural conditions with the limited seed supplied 
available for early generation trials, though the environment in F, need not differ so 
greatly from that found under normal agricultural conditions as that obtaining in F,. 
There is however no reason why evidence of the potentialities of parental combinations 
obtained under such conditions should not be of general application. It is therefore 
of considerable interest to note the level of agreement obtained between predictions 
made as a result of analysis of the three trials grown under contrasting conditions in 
F, and F, (Table 2). 

The techniques used in the F3 and F, trials approach the problems of cross assess- 
ment from a different angle from those used in the earlier generations. Application of 
the technique used in the HF, and F, trials, though possible, is of little value in dealing 
with these crosses in later generations, because the sensitivity of the tests is much 
reduced as the degree of homozygosity of the crosses is increased. The analysis 
employed in F; and F4 gives estimates of the mean and genetic variance of each cross. 
The latter statistic provides a direct indication of the degree of transgressive segrega- 
tion shown by each parental combination and hence of the likelihood of obtaining 
high yielding segregates from it. 

It is unfortunate that estimation of this statistic is not possible until F; at the earliest, 
and that the trials involved are considerably more demanding in time and labour than 
those conducted in earlier generations. In spite of these drawbacks, however, these 
trials form an essential complement to those grown in F, and Fa. 

When due consideration is given to the widely differing weather conditions prevail- 
ing, a reasonable level of agreement has been obtained between the results obtained 
in successive years of trial. Although different statistics were estimated in the two sets 
of trials, the predictions made from the F} trial were in remarkably close agreement 
with those made in F,‚ and F,. Those made in F,, though in less close agreement, gave 
reasonable confirmation of the earlier results. It is felt, however, that the smaller 
number of families on which the variances in F, were determined, 36 instead of 120 in 
F, may not have been sufficient to give a true indication of the variances of the com- 
ponent crosses. 

Considered overall, the experiments described in this paper have indicated that, 
although great precision cannot be expected, valid predictions of cross performance 
can be made from trials of diallel series of crosses in F, and F,. In many cases, however, 
the predictions made have involved little more than the selection of the crosses showing 
the highest expression of yielding capacity, or of the yield component being considered. 
It may therefore be claimed that little advantage has been gained from the diallel 
analysis, since these crosses could have been selected by consideration of the yield 
figures alone. The occasional identification of valuable parental combinations would 
seem, however, to be an adequate justification for this analysis. Furthermore, the 
early generation trials on which it is based are of the greatest value in demonstrating 
the crosses showing transgression for yield or its components. 
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It is remarkable to note the consistency of the predictions made from the three 
trials grown in F, and Fs, in spite of seasonal fluctuations and of the varying conditions 
under which the trials were grown. Furthermore, the crosses which show the greatest 
promise in subsequent generations have in each case been noted in the trials in F, and 
F,, although in certain cases, crosses noted in these trials have not maintained their 
promise in later generations. It appears therefore that the analysis of F, and F, trials, 
as outlined in this paper, may be used to eliminate the less valuable crosses from a 
diallel series, though it is not desirable that the breeder should rely entirely on the 
results of diallel cross analysis when selecting the crosses on which to concentrate his 
attention. : 

In order to confirm his choice of the best parental combinations it is necessary to 
conduct further trials on a reduced number of crosses in F, and F,. If these trials are 
laid out according to a system similar to that adopted for F; and F, trials in this 
investigation, they can be used to verify the predictions made in earlier generations; 
at the same time estimates are obtained of the genetic variances to be expected in the 
more promising crosses, thus providing an independent estimate of their potentialities. 
The labour involved in handling the F3} and HF, trials described in this investigation 
would be much reduced by the preliminary reduction in the numbers of crosses. 

If a representative range of varieties is to be examined, the application of the diallel 
cross analysis to the choice of parents in a plant breeding programme involves the 
handling of very large sets of crosses. The number of crosses required can be very 
much reduced, however, by the use of incomplete diallel series, in which the potential 
parental varieties are divided into two groups, all members of one group being 
hybridised with all members of the other. If one group is chosen to include a represen- 
tative set of varieties in common cultivation and the other a range of new varieties 
which might be introduced to the breeding programme, the number of crosses to be 
handled is greatly reduced, with little loss in the range of promising parental combina- 
tions handled. An experiment in which a number of such incomplete diallel sets of 
crosses is being handled will be considered in a subsequent paper in this series. 


The author would like to express his gratitude to Dr. G. D. H. BELL, Director of the 
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STEELE and J. T. WALKER for their assistance with the field and laboratory work and 
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ABSTRACT 


Poppy appears to be susceptible to the virus yellows of beet. Back-inoculation of the 
virus from poppy to beet is possible but then the effect is slowed down and weaker. 
Presumably there is difference in effect of the various virus strains. In glasshouse 
trials the seed production of poppy became a complete failure on account of early 
infection with the virus. A similar infection in a field trial resulted in a yield reduction 
of 22% and a clear deterioration of the commercial quality. Because of a retarded 
transmission of the virus by aphids there is no need for breeding for resistance to the 
virus in poppy. Treatment of the crop with systemic insecticides on the right moment 
can largely obviate the damage. 


BEET YELLOWS AND POPPY 


For a number of years already plants had been observed in poppy which showed a 
yellow discoloration of the leaves. In addition they were shorter than the normal 
plants. The seed capsules mostly were somewhat smaller and the seed colour also was 
less attractive as compared with the normal plants. 

In 1957 MAAS GEESTERANUS (1) expressed his presumption that the symptoms were 
caused by the yellows virus of beet. 

ZIMMER (5) mentions 84 species of 11 families as being susceptible to the virus. This 
list also includes Papaver rhoeas so that it is not unlikely that poppy (Papaver somni- 
ferum) is also susceptible. 

In 1958 MAAS GEESTERANUS (2, 3) in a glasshouse experiment succeeded in trans- 
mitting the yellows virus from beets to poppy plants by means of the black aphid 
Aphis fabae. The symptoms resembled those of the diseased plants in the field. Back- 
inoculation to beet with the aid of aphids was not successful. 

Infection prior to flowering suppressed the seed production completely while an 
attack after flowering resulted in premature ripening of the seed involving a poor 
quality. 

In 1959 and 1960 we have also carried out these experiments in a glasshouse. On 
infection with the aid of the peach aphid Myzus persicae in the rosette stage short 
plants were obtained whose leaves began to yellow from the margins onwards and 
finally became necrotic (fig. 1). The plants did flower but the seed capsules remained 
small and did not contain seeds. Back-inoculations to healthy plants of beet and 
Chenopodium album with the aid of peach aphids induced clear responses of the yel- 
lows disease. Although the impression was gained that the virus was slightly weaker 
because the symptoms appeared later and were less pronounced than those of the 
original virus, yet they were clearly visible. As a mixture of virus strains had been 
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Fi. 1. Porpy. LEFT PLANT DISEASED, 
RIGHT PLANT HEALTHY 


used it is also possible that during the passage through poppy one or more strains 
had become lost. MAAS GEESTERANUS presumably worked with a weaker virus strain 
than we did so that the difference in result could be explained in this way. 

The dry and warm summer of 1959 caused an enormous expansion of aphids. Apart 
from the drought as one of the causes of the poor poppy seed harvest the widespread 
attack of the yellows virus can be mentioned. The beets were infected for 100 95 in an 
early stage already and since both crops are grown in the same areas of cultivation 
it is not surprising that numerous aberrant poppy plants were found. MAAS GEESTE- 
RANUS (4) describes the premature ripening of a crop bordering a trial field where the 
plants had been sprayed once or twice with. a systemic insecticide. The untreated plot 
was crowded with black aphids while also peach aphids were found. The trial field 
had some infection loci of the virus but ripened further normally. The premature plot 
yielded only one third to half the production of the treated trial field while the seed 
quality also was much poorer. 

In order to be able to establish the yield reduction caused by the virus in case of a 
controlled infection, we laid out a small yield depression trial field on heavy soil in 


226 


BEET YELLOWS IN POPPY 


1960, using the variety S.V.P. 4. The trial field was divided into 8 consecutive plots of 
6 m? each. The whole trial field was surrounded by three strips of oats while also 
between the separate plots three rows of oats were sown. The oat strips served as 
protection to prevent the aphids from migrating from an infected to a non-infected 
plot. The sowing date was the 23rd of March; the plants emerged on the 6th of April. 
A few days later dieldrin was sprayed against thrips. On the 3rd of May the plants 
were thinned while on the 31st of May this was repeated. The aim was to have some 
45 plants per m?. On the 2nd of June every other plot was infected with the yellows 
Y virus. This was carried out by placing small pieces of beet leaves covered with at 
least 10 infected peach aphids in the heart of the plants. As soon as a piece of beet leaf 
wilts, which. often happens within half an hour, the aphids migrate to the poppy plants 
and begin to suck. All aphids were killed the next day by atomizing meta-iso-systox. 
This procedure was repeated on the 14th and the 27th of June so that possible on- 
flying aphids had no chance of reproduction. 

After about 17 days the infected plots showed plants with symptoms of yellows in 
the leaves while they were also smaller than the rest. 

All the plants of the infected plots had a somewhat weaker appearance than the 
healthy ones. Yet only about 25 % of the plants on the infected plots showed clear 
yellows symptoms. 

On the 23rd of August the trial field was harvested and table 1 presents the results. 


TABLE 1. RESULTS OF THE POPPY TRIAL FIELD 1960 


not infected 1 3 5 | 7 
Plot No. enn _ en : 
infected 2 4 6 8 
Nr. of seed capsules 231 186 214 222 259 220 246 210 
Seed in gr. 611 336 550 518 569 | 479 52 435 
Order of seed quality u 4 5 2 6 3 8 


The infected plots had on average 88 % of the number of seed capsules and 78 % of 
the seedweight of the healthy plots. The depression in the field trial therefore was not 
so great as could be expected according to the glasshouse experiments. One of the 
reasons may be that the aphids need more than a day to transmit the virus from the 
beet to poppy so that when the aphids were killed all plants had not yet been infected. 
It is also possible that one or more virus strains of the mixture used had not been 
transmitted. In our glasshouse experiments the aphids settled at least a week on the 
poppy plants we wanted to be infected and indeed a complete infection was obtained. 

The foregoing is supported by some observations made in 1960. A poppy field of 
a trial adjacent to a diseased beet seed field was rather heavily affected by natural 
infection with aphids; the degree of attack decreased according as the distance to the 
beet seed field increased. In the large poppy seed trial field also various diseased plants 
occurred. They were mainly plants along the margins of the field or along the paths 
between the plots. On-flying infected aphids often occur first in the margins of a plot. 
Before the aphids can penetrate into the crop they have been mostly killed by the 
systemic insecticide present on the treated plants. This could be also an explanation 
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of the clear-cut border between the untreated plot and the treated trial field in the 
observations of MAAS GEESTERANUS (4). 

Beet and poppy therefore can be a mutual source of infection for the virus yellows 
disease. Aphids multiply easily on both these crops and it is therefore recommendable 
to control the aphids. A poppy crop sprayed with a systemic insecticide is perhaps 
safer from an infection than a similar beet field since the transmission in the field in 
the case of poppy often proceeds so slowly that the aphids in the meantime have been 
killed by the insecticide. 

Although there is nothing known as yet about differences in resistance between the 
poppy varieties the breeding for resistance to yellows perhaps will have little sense 
so long as an adequate control of aphids can give such results. 


SAMENVATTING 


Vergelingsziekte in blauwmaanzaad 


Blauwmaanzaad bleek vatbaar te zijn voor het vergelingsziektevirus van de biet. 
Terug-inoculatie van blauwmaanzaad op biet is mogelijk maar met een verzwakte en 
vertraagde reactie. Er is vermoedelijk een verschil in werking tussen de verschillende 
virusstammen. In kasproeven geeft een vroege infectie met het virus een volledige ver- 
nietiging van de zaadproductie. Een soortgelijke infectie bij een veldproef resulteerde 
in een opbrengstdepressie van 22% en een duidelijke achteruitgang in de handels- 
kwaliteit. Veredeling op resistentie tegen het virus is bij blauwmaanzaad vermoedelijk 
niet nodig, vanwege de vertraagde overbrenging door de luizen. De behandeling van 
het gewas op het juiste tijdstip met systemische insecticiden kan de schade grotendeels 
voorkomen. 


REFERENCES 


emd 


. MAAS GEESTERANUS, H. P., Jaarverslag I.P.O., 1957, p. 79. 

2. MAAS GEESTERANUS, H. P., Jaarverslag I.P.O., 1958, p. 82. 

3. MAAS GEESTERANUS, H. P., Ziekten en plagen bij blauwmaanzaad. Werkgroep blauwmaanzaad 
van de Stichting voor Oliehoudende Zaden. Verslag betreffende de werkzaamheden in 1958. 

4. MAAS GEESTERANUS, H. P., Een geval van noodrijpheid bij blauwmaanzaad. Tijdschrift over Plan- 
tenziekten 66 (1960): 107-110. 

5. ZIMMER, K., Wirtspflanzen der virösen Rübenvergilbung. Nachrichtenblatt des Deutschen Pflan- 

zenschutzdienstes 8 (1959) 3: 41-43. 


228 


Euphytica 10 (1961): 229-243 


PROBLEMS IN BREEDING AND CYTOLOGY 
OF SUGAR CANE 


HI. THE CYTOLOGICAL CROSSING RESEARCH OF SUGAR CANE 


G. BREMER 


Institute of Agricultural Plant Breeding, Wageningen 
(Formerly Cytologist at the Java Sugar Experiment Station, 
Pasuruan, Java) 


With 4 figures 
Received 24 March 1961 


ABSTRACT 


In this article a survey is given of interspecific crossing in Saccharum leading to 
sugar cane forms with chromosome numbers on a level of 2n — about 160. 

Breeding for immunity in sugar cane‚ in Java practised since 1893, led in the twenties 
to sugar cane forms, in which resistance to diseases was attended by a very high 
sugar yield. These canes, belonging to the so-called third and fourth Saccharum 
spontaneum nobilisation with chromosome numbers of 2n — about 100 to 120, 
formed the starting point in 1925 of a step-by-step crossing procedure leading to sugar 
cane clones “third nobilisation new style” with chromosome numbers that in com- 
parison with 2n — 80 of Saccharum officinarum could be regarded as “tetraploids”’. 

In 1938, when such sugar cane forms with 2n — about 160 were created in a com- 
parative large number of cases, the author projected a six-year plan for the years 
1939-1944 with the purpose of obtaining such plants in very large numbers from 
numerous cross combinations. This was necessary since the best clones resulting from 
it had to be compared with the best clones of the third nobilisation old style, them- 
selves being products of a large number of crossing experiments covering many years. 
This six-year plan was never fulfilled in consequence of the second world war. 

The fact remains, however, that during the years 1925-1939 in Saccharum poly- 
ploidy breeding was executed without the aid of colchicine, resulting in well developed 
plants with 2n — about 160 chromosomes. Several plants of the first nobilisation!) 
n.s. with such chromosome numbers even could be called giants. 

As result of this investigation it ought to be mentioned also that plants with 180 to 
220 chromosomes without exception were poor plants. In these cases the optimum 
chromosome number must have been surpassed. 


1) n‚s. = new style. 
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PART [II 
THE CYTOLOGICAL CROSSING RESEARCH OF SUGAR CANE 


INTRODUCTION 


In September 1946 the author received a remarkable letter from Dr. E. W. BRANDES, 
Head Pathologist in Charge of the Bureau of Plant Industry, Soils and Agricultural 
Engineering, Division of Sugar Plant Investigations, Beltsville, Maryland, U.S.A. 

The letter, dated September 16, 1946, began as follows: 


‘““Dear Dr. BREMER, 


MAJOR BASCOM A. BELCHER, a former employee of the Division of Sugar Plant 
Investigations who just returned to duty here from Army Service in Japan, brought 
with him an original manuscript of yours secured under unusual circumstances”. 


It was a report written by G. BREMER during a stay of 6 months in Java in 1938, 
entitled “Het cytologisch kruisingsonderzoek”’. 

As mentioned at the end of Part Il of this article, the author started a crossing 
program of sugar cane in 1925, based on certain hybridizations that should result in 
an increase of chromosome number. In the years after 1925 the course of this research 
was satisfactory, but the crisis in the world cane sugar industry of the years 1929-1934 
had such a disastrous effect in Java that a retrenchment in the staff of the Sugar 
Experiment Station became necessary. It was the author’s fate in 1932 to be transferred 
to the Netherlands, where he carried out his cytological work on sugar cane at the 
Botanical Laboratory of the University of Utrecht. In Java the breeding work con- 
cerning his crossing program was continued, although on a smaller scale. 

In 1938, when the state of affairs in the sugar industry seemed to become somewhat 
better, the author was enabled to visit Java for half a year to become acquainted with 
the results obtained and to make a project for the continuation and conclusion of this 
crossing program. He then designed a six-year plan for the years 1939 to 1944, 
elaborated in a manuscript. 


Returning to Dr. BRANDES’ letter, the author received the information that his 
manuscript, entitled “The Cytological Crossing Research’, was found in the safe of 
the Sugar Experiment Station at Pasuruan by Mr. SABURO EBI, who was appointed in 
1942 by the Japanese Government as Scientific Consultant for the Experiment Station 
at Pasuruan. The manuscript was secret and written for internal use at the Experiment 
Station. Mr. Ear, who was a guest worker at the Experiment Station for a whole year 
during the first world-war, translated the report in English, and as Dr. BRANDES 
writes: “took the manuscript to Japan at the end of 1944 and turned it over to Profes- 
sor H. KiHARA, Cytologist of the Imperial University at Kyoto where Major BELCHER 
tracked it down”. 


After the author’s reply, Dr. BRANDES sent him a copy. It appeared to be a literal 
translation of the report. The copy was provided of a sheet with the following contents: 
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GENERAL HEADQUARTERS 
SUPREME COMMANDER FOR THE ALLIED POWERS 


Natural Resources Section 


| HGS/WHL/dr 
NR 403 (26 July 46) A 26 July 1946 
MEMORANDUM FOR: Record 
SUBJECT: Sugar Cane Breeding. (Paper by Dr. G. Bremer) 


Ll. This document is a paper obtained by S. Ebi from the East Java Experiment 
Station (Proefstation Oost Java), Pasoeroean, Java, in 1944. The original paper was 
an unpublished article by Dr. G. Bremer, Dutch geneticist, the subject of the paper 
being as follows: 

“The Cytological Crossing-Research on Sugar Canes’ 


by G. Bremer 
1 Incl 
Copy of Paper by Dr. G. Bremer, BASCOM A. BELCHER 
Subj: Sugar Cane Breeding. Capt INF 
Agr. Div. 


The remarkable trip of the report over the world may be an indication of the 
importance of the problem. Though the problem never has been solved completely, 
to which deplorable conditions before, during and after the second world war played 
their part, it seems worth-while to give a survey of this research. 


Already at the close of Part II it has been mentioned that the author in 1925 brought 
the problem to the fore, whether by continued crossing in sugar cane it would be 
possible to obtain plants with about 2n — 160 chromosomes, which, in comparison 
to noble sugar cane (2n — 80) roughly could be called “tetraploids”’. It appeared to be 
a property of S. officinarum to participate with its somatic number of chromosomes 
in the crosses with S. spontaneum, forming hybrids with 2n — 2 x 40 + 56 — 136 
chromosomes. Would this also be a property of the canes originating from the third 
or fourth S. spontaneum nobilisation, then hybrids with about 2n — 160 chromosomes 
could be expected and it seemed imaginable that, by repeated backcrossing with more 
noble canes, commercial cane varieties could arise with chromosome numbers of the 
same level. 

In 1925, when the sugar cane flowered, S. spontaneum was already off flowering. 
It was, however, possible to cross 2722 P.O.J. with a back cross between the hybrid 
S. officinarum x S.spontaneum and S. spontaneum. From this cross some hybrids 
arose with 2n — approx. 170 chromosomes. This result already has been communi- 
cated in Part II. It was the starting point for the execution of an extensive crossing 
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In the years 1926 to 1930 it became possible to obtain flowering inflorescences of 
glagah simultaneously with flowering sugar cane. To attain this, stalks of glagah were 
topped some time before flowering in November and December. This caused sprouting 
of the buds at the internodes and it appeared that on these sprouts small tassels 
developed that flowered at the time of blooming of sugar cane. So from every topped 
stalk of glagah some small tassels could be used for pollination. 

Several canes of the third and fourth nobilisation were crossed with different clones 
of Java glagah. 

Good results were obtained from the crosses 2875 P.O.J. x glagah. Only from one 
inflorescence of the female parent more than 2,000 hybrids could be obtained. Among 
true hybrids a varying number of thick, more noble canes could be present in the 
sowings, which, however, were far in the minority. These canes probably were 
parthenogenetic descendants of 2875 P.O.J. The hybrids were Kassoer-like canes in 
which characters of both parents were visible. They varied in thickness and colours 
of the stalks. Many of them were rather thin, but also much thicker robust individuals 
occurred which surpassed the original Kassoer cane considerably in length. They 
had much longer internodes, while stalk diameters of 3 cm could be measured. 

The crosses executed with different glagah clones gave unequal results. The clone 
Glagah Klut, originating from an individual found at the volcano Klut, apeared to be 
the best father clone. 

In most cases it was impossible to study a large number of seedlings from one cross 
combination. Much cytological work had to be done, which will be not discussed 
here. Moreover always very high chromosome numbers were involved, which had to 
be fixed exactly. From the cross 2875 P.O.J. x glagah 35 individuals were studied, 
partially unselected. In 31 of them chromosome doubling on the side of the female 
parent could be established, the chromosome number on an average being about 
2 X 55 + 56 — 166 (figs. l and 2). Individually, however, the chromosome numbers 
varied between 162 and 186, 2875 P.O.J. being an unbalanced hybrid. In 3 cases the 
numbers were about 116, the sum of the haploid numbers of the parents. These canes 
had thin stalks and looked much like S. spontaneum. One individual had 218 chromo- 


Fro. 1. SOMATIC COMPLEMENT OF 1228 P4 (2875 P.O.J. X GLAGAH KrLur) 2n — 166. Xx 2400 

FIG. 2. ANAPHASE OF THE FIRST MEIOTIC DIVISION OF 1228 PI (2875 P.O.J. Xx GLAGAH KLur), 2n = 
approx. 166, seen from one of the poles. On the left the upper group with 79 chromosomes and 
6 lagging univalents near the equator, on the right the lower group with 80 chromosomes. 
x 2400 
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FIG. 3. SOMATIC COMPLEMENT OF 36 S 13 
(2875 P.O.J. X GLAGAH SOEKAPOERA 1) 
n= 218. Xx 2400 3 WN 6 A \n 


nSs 
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somes (fig. 3) pointing to chromosome doubling within both parents. This cane was 
$. spontaneum like, but it was very stunted with short and thin stalks. It formed a 
great exception in these plots of seedlings. Here the chromosome number probably 
was above the optimum number. Evidently this was not so with the chromosome 
numbers of about 166. Eleven canes with 2n — approx. 166 chromosomes, all showing 
a robust habit, were chosen for continued breeding. However, there were also much 
thinner unselected canes that showed the same increased chromosome number. 

The occurrence of such canes is self-evident. In all sowings of Saccharum undistin- 
guished seedlings are frequent. In 1925 the author started from the principle that 
robust hybrid canes would arise by co-operation of favourable gene combinations 
together with enlargement in cell size as a result of increase in chromosome number. 


Quite different results were obtained with 2875 P.O.J.’s sister cane 2878 P.O.J. All 
seedlings of 2878 P.O.J. were very thin canes. Like 2878 P.O.J. itself they were light 
green in colour. Moreover they were similar and scarcely distinguishable from thin 
canes regularly occurring within plots with selfings of 2878 P.O.J. In selfings many 
very thin canes were found among thicker canes, which were in the minority. The 
author supposes that progenies of crosses and progenies of selfings both consisted of 
two categories of plants. It seems probable that progenies of crosses with glagah are 
composed of true hybrids, mixed with individuals originating from parthenogenesis 
and that progenies of selfings are found of the same kind of parthenogenetical plants 
together with plants derived from true self fertilization. A further explanation of this 
question will be given later. 

Like 2875 P.O.J., 2878 P.O.J. is an unbalanced hybrid. Therefore viable generative 
cells may have small variations from 119/2 — 60 in chromosome number. In hybrids 
derived from crosses between 2878 P.O.J. and S. spontaneum no increase of chromo- 
some number was found. Of 12 individuals, all considered as true hybrids, the chromo- 
some number varied from 2n — 112 to 2n — 119, the sum of the haploid numbers 
119/2 + 56 being about 116. In individuals of sowings of 2878 P.O.J. selfed about the 
same chromosome numbers were found, but here also plants were present with 105 
and 106 chromosomes. Anyway it was clear that chromosome doubling on the side 
of the female cane‚ 2878 P.O.J., does not occur. In this respect there was a great 
difference with 2875 P.O.J. Also vigorous canes as found in crosses of 2875 P.O.J. x 
glagah were absent in the crosses of 2878 P.O.J. x glagah. 
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Two other canes of the third nobilisation were crossed with glagah. From the cross 
with the sister cane 2876 P.O.J., 12 hybrids were investigated. Ten individuals showed 
a chromosome number 2n + n and in two n + n combinations were found. 

Also 2836 P.O.J. (2364 P.O.J. x Ardjuno cane) was crossed with glagah. Of eight 
hybrids investigated only two showed the 2n + n chromosome combination, the six 
others all showed n + n chromosomes. 

From all these observations it appears that different clones originating from the 
third nobilisation behave in various ways when crossed with S. spontaneum. In the 
first place it is striking that they all differ in their behaviour from noble sugar cane,‚ 
S. officinarum. When noble cane is crossed with glagah the whole progeny receives 
2 x 40 + 56 — 136 chromosomes, probably through the strong chromosome balance 
present in S. officinarum. In the hybrids of canes of the third nobilisation crossed with 
glagah this strong balance is abolished. This must be the reason why hybrids between 
2875 P.O.J. and glagah, in the 2n + n combination, have chromosome numbers 
varying between 162 and 176. In the same cross hybrids showing the n + n combi- 
nation of chromosomes appeared to be rare. In contrast with this, exclusively n + n 
combinations were found in 2878 P.O.J. In the cross 2876 P.O.J. x glagah the majority 
of the hybrids investigated showed 2n + n chromosomes; in crosses with 2836 P.O.J. 
such hybrids were found in the minority of cases. 


Two canes of the fourth nobilisation were crossed with S. spontaneum. One of these 
canes was 2940 P.O.J. (2722 P.O.J. x E.K. 28) with 2n — 96 chromosomes. All 
16 hybrids from 2940 P.O.J. x glagah investigated showed about 152 chromosomes 
pointing to the 2n + n combination. Many of these hybrids were robust canes. The 
other cane crossed with glagah was 2946 P.O.J. (2875 P.O.J. x S.W. 111) a cane with 
122 chromosomes. This cross exclusively produced very thin canes. Eight of them were 
investigated cytologically. The chromosome numbers varied from 114 to 120, numbers 
corresponding with the sum approx. 61 + 56 of the parents. 


It could be concluded from all these crosses of plants of the third and fourth nobilisa- 
tion with glagah that generally formation of vigerous plants was attended with increase 
in chromosome number by chromosome doubling on the side of the female parent. 
Not all plants with increased chromosome numbers were vigorous. Neither were all 
plants without chromosome increase thin plants. In the cross 2836 P.O.J. x glagah 
some plants without chromosome increase showed medium thickness of stalks. 2836 
P.O.J. itself is a very thick cane. It is conceivable therefore that genes responsible for 
this character may come to expression in some hybrids without chromosome increase. 
Really vigorous plants, however, were lacking in these 2836 P.O.J. hybrids. 

As already mentioned in Part II, plants of the third nobilisation have about 2n — 
100 s + 14 gl chromosomes. In case of chromosome doubling on the female side 
hybridization with S. spontaneum therefore gives plants with about 100 s + 70 gl 
chromosomes. When no chromosome increase occurs about 50 s + 7 gl chromosomes 
come together with 56 gl chromosomes, producing hybrids with about 50 s chromo- 
somes + 63 gl chromosomes. This elucidates why, as a whole, the hybrids, having 
no chromosome increase, are much more S. spontaneum like. 
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In comparison with the crosses of noble sugar cane with glagah the crosses of the 
canes of the third- and fourth nobilisation with glagah were called the “first no bili- 
sation new style”. This denomination was chiefty given for the sake of convenience. 
A second phase of new style nobilisation was started in 1929 by crossing the canes of 
the “first nobilisation new style” with “more noble canes”. This was called “second 
nobilisation new style”. 

The more noble canes that served as females in the crosses comprised clones of 
S. officinarum, but also canes of the third and fourth nobilisation like 2875 P.O.J., 
2878 P.O.J., 2940 P.O.J., etc. As male canes in these crosses were chosen several 
robust clones with increased chromosome numbers from the crosses 2875 P.O.J. x 
glagah and 2940 P.O.J. Xx glagah, but also much thinner canes without chromosome 
increase from 2878 P.O.J. x glagah. Thus much variation could be brought in the 
crossing possibilities. 

It would be going too far to enter into details about these crosses. Some special 
things, however, ought to be communicated here. When 2878 P.O.J. is crossed with 
2875 P.O.J. x glagah there is no increase in chromosome number on the female side. 


119 166 
The hybrids have 2n - 5 | 5 about 143 chromosomes. Several good, fairly 


thick and large canes were obtained from this cross, which clearly showed the domi- 
nant characters of 2878 P.O.J. The same may be said of crosses between 2878 P.O.J. 
and 2940 P.O.J. x glagah. The cross 2875 P.O.J. x (2875 x glagah) appeared to be 
incompatible in several trials. No hybrids were obtained. A number of rather thick 
insignificant seedlings arose, however, probably being of parthenogenetic origin. 
Crosses between 2940 P.O.J. and hybrids (2875 P.O.J. x glagah) were compatible. 
Several seedlings showed increased chromosome numbers caused by doubling within 


96 166 
2940 P.O.J. and had, therefore, 2n — 5 XxX 2 + arie about 180 chromosomes. 


Other seedlings showed the sum of the haploid numbers, being about 130. The seedlings 
with increased chromosome numbers were not vigorous. From this research, executed 
in 1930, it seemed likely that the chromosome number became above the optimum. 
This appeared to be still more the case with the cross 2944 P.O.J. x (2875 P.OJ. x 


120 166 
X 2 z -— approx. 200 chromosomes. 


glagah), producing seedlings with 2n — 


The seedlings of this cross were very poor. 
Good canes originating from the second nobilisation new style were particularly 


obtained from the crosses: 


2878 P.O.J. Xx (2875 P.O.J. x glagah) 2n — ca. 143 
2878 P.O.J. x (2940 P.O.J. x glagah) 2n — ca. 136 
noble canes x (2875 P.O.J. x glagah) 2n — ca. 163 
noble canes x (2940 P.O.J. x glagah) 2n — ca. 156 


The survey given of this first and second nobilisation new style is very incomplete. 
To give an idea, however, about the extension of this crossing program on cytological 
basis, it may be mentioned that in 1929 more than 23,000 seedlings belonging to 89 
crosses and 64 cross combinations were planted in the fields of the Experiment Station. 
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So it seemed desirable to cross 2364 P.O.J. (mother cane of 2878 P.O.J.) with glagah 
and with 2875 P.O.J. x glagah. 


When in 1932 the author in crisis time left Pasuruan to continue his work in the 
Netherlands, the very first crosses of the third nobilisation n.s. were made. However, 
the crossing work on the second nobilisation n.s. had not been finished. It was even 
continued till 1939, 

The third nobilisation n.s. came to more extension in 1935, when 7,800 seedlings 
of 62 crosses were planted in the fields. In 1936 the selected plants were studied cyto- 
logically by the author. It appeared that 240 seedlings showed the intended increase 
in chromosome number. 


Also in the third nobilisation n.s. there were various crossing possibilities differing 
in cytogenetical respect. In this article, however, it is necessary to confine ourselves 
to two examples, which will be elucidated with the aid of two pedigrees clearly 
showing the difference in result. 

In example 1 the first nobilisation n.s. has been executed with 2875 P.O.J.,'a cane 
of the “old” third nobilisation. For the second nobilisation n.s. its sister cane 2878 
_P.O.J. has been used as female plant in the cross. This second nobilisation takes 
place without doubling of the 2878 P.O.J. chromosomes. 

In example II, 2940 P.O.J., a cane of the “old” fourth nobilisation has been chosen 
for the first nobilisation new style. The second nobilisation has been performed with 
noble cane as female in the cross giving chromosome doubling. 

Though the third nobilisation new style in both cases has been performed with 
noble cane‚ the final result must be quite different. This appears by calculating the 
number of officinarum and spontaneum chromosomes, starting from the principle that 
autosyndesis takes place, which is probable since the two species, S. officinarum and 
S. spontaneum, even differ in their basic chromosome number. The result will be that 
in example I the 152 chromosomes consist of about 130 officinarum chromosomes 
and 22 spontaneum chromosomes, forming a ratio of 6 to 1. In example II the chromo- 
somes will be composed of about 144 officinarum chromosomes and 16 spontaneum 
chromosomes in a proportion of 9 to 1. Expressed in a somewhat popular sense the 
combination of example I leads to “hard” canes, that of example II to more “soft” 
canes, indicating with “hard” the characters belonging to the “hard” wild cane 
S. spontaneum. 


By intercrossing different types of canes belonging to the second or the third nobili- 
sation n.s. the cross combinations may be easily increased. To elucidate this we will 
consider the two above given samples of the third nobilisation n.s. When a cane, 
arisen according to example Ll, is crossed with a cane‚ resulting from example II, 
seedlings will be formed with about the same chromosome number. In cyto-genetical 
respect, however, the products of these crosses will differ from the parents, which, 
respectively, were more “hard” and more “soft” canes. The ratio of officinarum and 
spontaneum chromosomes will be about 7.5: 1, almost agreeing with that of the canes 
of the “old” third nobilisation like 2725 P.O.J., 2875 P.O.J. and 2878 P.O.J. 
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Example I DSTSRBOE S. spontaneum 
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canes with 2n — 2 X 40 + ca. 78 — ca. 160 chromosomes 


Fig. 4. DIAGRAMS OF TWO DIFFERENT MODES OF Saccharum spontaneum 
NOBILISATION NEW STYLE 


It has been mentioned in the introduction of this article that the author visited Java 
in 1938. Three points of interest then had his special attention. 


1. The selection of about 12,500 seedlings arisen from 68 ““cytological” crosses of 1937. 
2. The execution of the cytological crossing program of 1938. 
3. The design of a six-year plan of cytological crosses in the years 1939 to 1944, 


We will begin with the third point which is closely connected with the foregoing. 
Indeed it was the secret plan of crossing which during the war was discovered by the 
Japanese director of the Java Sugar Experiment Station and afterwards made its 
remarkable trip around the world. 
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The principal point was how many and which crosses had to be made. For each of 
the six years an estimation had to be made: 


1. of the number “hard” and “soft” third nobilisation ns; 
2. of the number of intercrosses between canes belonging to such nobilisation; 
3. of the total numbers of seedlings planted in the field. 


It goes without saying that yearly the work had to be adapted to the actual possi- 
bilities and desirabilities. 

The intention was that during the first years, 1939 and 1940, still much attention 
should be paid to the third nobilisation n.s. but that in later years the intercrosses 
of selected “soft” and “hard” types should be put to the fore. So it was hoped that a 
wide range of cane types could be obtained with chromosome numbers of 2n — about 
160. Always the idea prevailed, that, beside larger cell size in relation to chromosome 
number, extremely favourable gene combinations would play an important part in 
this program. Increasing of chromosome numbers should lead to gene combinations 
unrealizable in case of lower chromosome numbers. 

In the secret report the author concluded about this question: “In my opinion, it 
can be said that on crossing sugar cane in numerous and very different cross combina- 
tions, increase of chromosome number may lead to extremely favourable plus-variants, 
originating as a result of a particularly favourable gene-combination, impossible if 
the chromosome number is low. In this way also extremely unfavourable minus- 
variants may be formed which, however, are of no interest to us, and the development 
of which can be probably limited by crossing in a favourable direction as much as 
possible. That hereby the increase of the number of chromosomes and the attending 
cell-increase too is an important factor must be considered very likely.” 

In connection with inter-crosses between different types of the third nobilisation 
n.s. and also of types of the second nobilisation n.s. there was still another question 
that had to be considered. 

Sugar cane is a cross fertilizer. Inbreeding causes a distinct decline in vigour. What 
happens when a clone of S. officinarum is crossed with wild S. spontaneum? Then’ 
twice 40 chromosomes of sugar cane‚ originating from longitudinal splitting of every 
chromosome of the haploid set, come together with the haploid set of S. spontaneum. 
Since structural deficiencies in the sugar cane chromosomes may become homozygous 
one could expect the occurrence of inbreeding depression. However, if the two identical 
sets should have a tendency to decrease in vigour, this probably would be abolished 
by the presence of the haploid set of S. spontaneum. 

Hybrids between S. officinarum and S. spontaneum are no defective canes. For canes 
of the first nobilisation new style, like hybrids 2875 P.O.J. x S. spontaneum, even 
holds that frequently they are vigorous. This cannot be said of plants of the second 
or third nobilisation n.s. They may be well developed, but sometimes, in cases where 
chromosome doubling occurred on the mother’s side, they are rather poor. From the 
male side these canes received a set consisting of officinarum- and spontaneum chromo- 
somes. It seems imaginable that in these cases the homozygosity by chromosome 
doubling on the side of the female parent could have a deleterious effect. If this really 
would be the case, crossing with other canes would abolish such effects. This too 
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might be a reason why intercrossing of canes of the second or third nobilisation n.s. 
could be of value. 

Intercrosses between canes arisen from the second nobilisation n.s. were for the 
first time performed in 1936. In 1938, during the author’s stay in Java, this type of 
crossing was executed in 23 cases with canes of the second nobilisation n.s. and for 
the first time in 13 cases with canes of the third nobilisation n.s. 


We gave here our principal considerations of 1937 and 1938 on the crossing problem 
and will now return to the other operations of 1938. 

It was a great advantage to the author that he could select the seedlings arisen from 
the “cytological” crosses of 1937. So it became possible in 1939 to study cytological 
material of seedlings, selected by himself in the foregoing year. 

The total number of seedlings was about 12,500, of which about 9,000 belonged to 
crosses of the third nobilisation n.s. 

In the field the impression was gained that on average about 30 per cent. of the 
seedlings were true hybrids, the rest being chiefly selfings. Therefore in this group of 
crosses about 2,700 true hybrids must have been present. The low percentage of 
hybrids must be due to the fact that the noble canes used as females in the crosses, 
themselves were male fertile. In the individual crosses, however, the percentage of 
hybrids varied from 2 to 90 per cent. 

Cytological material of 375 seedlings selected in 1938 could be studied by the 
author in 1939. In the cane field, 351 of these plants were considered as hybrids, 
belonging to crosses of which increase in chromosome number was intended. The 
results are summarized in the following table. 


TABLE Î. CYTOLOGICAL RESULTS OF SEEDLINGS SELECTED IN 1938, ORIGINATING FROM CROSSES PERFORMED 
IN 1937 


Judgement in the field | Cytological result 


342 hybrids, shown increase of chromosome number 2n 
varying from 146 to 162 

Soustrerhvbrids nn eme Jer biet. 9 plants, 2n varying from 110 to 120, probably true 
hybrids without chromosome increase 


BRCASCSICIDIOUS Me 8 hybrids, showing chromosome increase 


12 selfings with 2n — about 80 
16 plants, regarded as not being the | 
intendedihv bids mee | 3 foreign hybrids 
1 true hybrid with increased chromosome number 


Of the 360 true hybrids selected 298 belonged to the third nobilisation n.s. Sixty 
five of them had a good appearance in the fleld. It says, however, little about their 
real value. Good canes must meet many requirements: stalks with a solid juicy pith 
with a high sugar content, good tillering, a low percentage of flowering, resistance to 
diseases, etc. 

When really good plants seem to occur within such selected seedlings, then, after 
propagating to clones, they ought to have compared in tests with commercial clones 
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like 2878 P.O.J., 2697 P.O.J. and 3016 P.O.J., varieties which themselves are selected 
from several hundred thousands of seedlings during a period of more than 10 years. 
To have a good chance of success it may be said therefore that seedlings of the third 
nobilisation n.s. and intercrosses of them ought to be made still in much larger 
quantities during a longer period of years, for which the years 1939 to 1944 were 
chosen. Moreover, much attention had to be paid to find the best cross combinations. 

Already earlier, in 1935 and 1936, several selected clones of the third nobilisation 
n.s. were analysed for cane weight and sucrose content in juice. The figures obtained 
were compared with those of the clones 2878 P.O.J., 2961 P.O.J. and 2967 P.O.J. It 
appeared that 5 clones could compete with the test vatieties. Since only analyses of 
5 stalks per clone were made, it was very improbable that one of these clones would. 
be better than the test varieties. The results obtained, however, were hopeful. They 
pointed to the desirability of the continuation of this investigation. 


In 1938 the author took care of the execution of 155 crosses belonging to 110 
different combinations, from which ca. 25,000 seedlings were planted in the field. The 
crosses belonged to the following groups: 


Cross combinations Number of crosses 
2ndinobilisa tonnen 9 
Intererossing in 2nd nobilisation n.s. . 25) 
8rdinobilisatonn sE 72 
Intererossing in 3rd nobilisation n.s. . 13 
4thmobiltsattonns me 4 
Othencombinattons ene 34 
Totalmumbenoficrosses mannen 155 


In 1939 of the seedlings of these crosses more than 1,100 plants were selected by 
the selectionist of the experiment station. In behalf of continued selection about half 
of them was propagated to clones. In 1940, before the Netherlands were involved in 
the war, the author obtained cytological material of 168 of these clones. Forwarding 
of the greater part of the material became impossible. Material of 91 of the 168 clones, 
about 54 per cent, appeared to belong to the intended cross, mostly showing increase 
of chromosome number, the other plants chiefly being selfings. From the author’s 
selections of 1938, however, it was clearly shown that a more accurate separation 
between true hybrids and non-hybrids in the field was very well possible. 

As a consequence of the war nothing more whatever was heard about the seedlings 
of 1938. 

The crosses made in 1939 were the first belonging to the six-year plan. From the 
197 crosses projected, 174 were executed with some alterations in accordance with the 
actual possibilities. About 31,500 seedlings were planted. Nothing was learned about 
the fate of the seedlings. 

In October 1939 it was still possible to send a crossing plan for 1940 to Java. It 
consisted of 238 crosses of which 119 belonged to intercrosses of canes of the third 
nobilisation ns. Eighty two new crosses third nobilisation were planned and 37 crosses 


240 


PROBLEMS IN BREEDING AND CYTOLOGY OF SUGAR CANE [II 


of the fourth nobilisation n.s. The author never had information about the execution 
of these crosses. 

During the war the author performed an extensive investigation on the embryo-sac 
development in relation to the increase of chromosome number in species hybrids of 
Saccharum. 

In Java the staff of the Experiment Station was interned in camps. It is known 
that the Experiment Station sustained severe damage from the war. Probably this 
holds also for the canes belonging to the “cytological collection”, serving for the 
execution of this crossing program. Many clones will have been lost or got rid of their 
actual number. 

From the reports of the Experiment Station of 1954, 1955 and 1956 the author 
learned that still much attention was paid to the “Bremer-crosses”. Of the total 
number of crosses executed in 1955, 21 per cent. belonged to this class. The interest 
for the author’s research appeared from the attention the director of the Experiment 
Station paid to the report of the author’s research on chromosome doubling executed 
during the war. 

In 1949, however, the author was already discharged from his relation with the 
Experiment Station. Since in later years the identity of the canes used for crossing 
very probably was dubious and moreover no more cytological research of the seedlings 
took place there is reason to be doubtful about the value of the continuation of this 
research performed in this way. 

Would the authors research not have been interrupted by the sugar crisis and by 
the war, probably it could have been concluded after a period of about 15 years 
whether superior sugar cane varieties could result from increasing the chromosome 
number. Then cane forms, being end products of this cytological crossing program, 
would have arisen in such a large number that they could be well compared with the 
best P.O.J. clones with a lower chromosome number, originating from the selection 
of several hundreds of thousands of seedlings. Now the only conclusion must be that 
the problem has remained unsolved by the impossibility of bringing this research to full 
development. Notwithstanding this it must be emphasized that there are many points 
of similarity between the author’s crossing problem in sugar cane‚ proposed in 1925, 
and problems of agricultural plant breeding, coming to the fore after the discovery of 
colchicine treatment in 1937. Though it is a fact that in Saccharum several hybrids, 
originating from the first nobilisation new style with increased chromosome number 
could be called giant plants, it is the author’s opinion that in the beginning the sig- 
nificance of the increase in chromosome number in relation to the size of sugar cane 
plants probably was somewhat overestimated, though the necessity of favourable 
gene combinations was seen. In later years the latter points were considered as being 
of prime importance. 

In 1937 this question was thoroughly discussed with Prof. V. J. KONINGSBERGER of 
the University of Utrecht, who was Director of the Sugar Cane Experiment Station 
at Pasuruan in the years 1926 to 1934. Starting from the principle that in case of a 
very high ploidy, gene combinations could occur which were impossible when a 
lower ploidy should be present, it was supposed that within a very large number of 
seedlings the ranges of variation should be wider when high chromosome numbers 
are present than when the chromosome numbers are lower, resulting in the formation 
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of more extreme good as well as more extreme poor seedlings. Would there be, 
moreover, a positive effect by increase of cell size, then a shift in positive direction 
would take place, increasing the number of extreme good plants. 

At that time the significance of the production of polyploid plants was seen by 
several investigators. NILSSON EHLE, who propagated in 1938 the production of tetra- 
ploid apples wrote: “Die Tetraploidie mag eventuell schon an und für sich direkt 
ein gewisse praktische Bedeutung haben; noch viel wichtiger ist aber zweifellos die 
Möglichkeit zur Bildung weit mehr komplizierter Genkombinationen bei den Tetra- 
ploiden im Vergleich mit den Diploiden”’. 

Also from colchicine treatment it may be said that the first results were somewhat 
disappointing. Though in many cases polyploid plants were obtained showing giant 
characters, the plants frequently showed defects. Important results, however, became 
known from continued breeding and from interspecific crossing in which tetraploid 
colchicine treated species were involved, in cases where crossing with the diploid spe- 
cies appeared to be impossible. In connection with sugar cane special attention may 
be drawn here to the fact that very important results were obtained by polyploidy 
breeding of colchicine treated sugar beet. 

In his article “Polyploidiezüchtung’’ MÜNTzING (1958) remarks about sugar cane 
“In der Gattung Saccharum ist wohl keine ganz bewusste Polyploidiezüchtung be- 
trieben worden, aber Tatsache ist, dass in mehreren Fällen die spontane und auch 
zytologisch verfolgte Entstehung von hochchromosomigen Formen zu wertvollen 
Produkten geführt hat”. 

The reader, however, will have learned from the present article that polyploidy 
breeding on a large scale in Saccharum started as far back as 1925 at the Java Sugar 
Experiment Station. 


SAMENVATTING 


In dit artikel wordt een overzicht gegeven van een kruisingsprogramma tussen 1925 
en 1939 op cytologische grondslag uitgevoerd, dat geleid heeft tot het ontstaan van 
suikerrietvormen met chromosomenaantallen van 2n — ca. 160. Ten opzichte van 
nobel suikerriet (2n — 80) kunnen deze vormen als tetraploiden beschouwd worden. 

Ter verkrijging van deze resultaten zijn in de jaren na 1925 suikerrietvormen tot de 
derde en vierde nobilisatie behorend, zoals 2875 P.O.J. en 2940 P.O.J., met glagah 
gekruist. Dit leidde tot vormen der eerste nobilisatie “nieuwe stijl” met 2n — ca. 160 
chromosomen. Door tweemalige terugkruising hiervan met nobel suikerriet of met 
rietsoorten der derde of vierde nobilisatie, zijn vormen der derde nobilisatie “nieuwe 
stijl” ontstaan waarbij dit hoge chromosomenaantal gehandhaafd blijft. Zij over- 
treffen de klonen der derde nobilisatie “oude stijl” dus met 40 tot 50 chromosomen. 

Dit kruisingsprogramma, dat zeer veel verschillende kruisingsmogelijkheden bood, 
leverde in sommige gevallen vormen op, die 180 tot 220 chromosomen hadden. Ter- 
wijl vormen met 160 chromosomen veelvuldig goed ontwikkeld of zelfs fors waren, 
bleken de vormen met 180 tot 220 chromosomen nietig te zijn. Hier was het chromo- 
somen aantal tot boven het optimum aantal opgevoerd. 

Toen deze resultaten in 1938 in vrij talrijke gevallen bij verschillende kruisingen 
bereikt waren, werd in dat jaar een zes-jaren plan van kruising opgesteld, waaruit 
zeer veel suikerriet-vormen met ongeveer 160 chromosomen uit talrijke verschillende 
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kruisingscombinaties verwacht werden. Ook werd bij dit kruisingsplan veel aandacht 
gewijd aan onderlinge kruising van dergelijke vormen. De beste van de hieruit verkre- 
gen klonen moesten namelijk vergeleken worden met de klonen der derde en vierde 
nobilisatie oude stijl. die zelfs gedurende een periode van vele jaren door strenge selec- 
tie verkregen waren. De uitvoering van dit kruisingsprogramma is belet door de 
tweede wereldoorlog. 

Er dient echter de nadruk op gelegd te worden, dat suikerrietvormen met bijzonder 
hoog chromosomen aantal in een groot aantal gevallen uitsluitend door kruising, 
zonder gebruik van colchicine verkregen zijn. 
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ÁBSTRACT 


1. Six populations of winter rye were chromosome-doubled in 1951 by means of 
colchicine. After one generation of multiplication the populations were grown as 
spaced plants (1954). Records were taken on a number of quantitative characters. 
Grain yield and number of ears per plant showed very skew distributions, whereas 
strawlength was approximately normally distributed. Highly significant positive 
phenotypic correlations were found between grain yield and ear number per plant, 
and between grain yield per plant and strawlength. 


2. From a total of 2,767 plants grown in 1954 84 plants were selected for high number 
of grains per plant and per head. These plants were progeny-tested and selected in 
the following years. Among the families tested great differences occurred in yielding 
capacity, winter survival and strawlength, but not in fertility. Selection for grain 
yield led to an increase in strawlength, showing that the phenotypic correlation 
found between these characters at least partly must be genetic. 


3. One of the selected families has proved to be extremely winterhardy and to possess 
a very high yielding capacity. 

4. Unselected populations of tetraploids have been compared with the corresponding 
diploids with respect to a number of characters. Significant differences between 
diploids and tetraploids were found in strawdiameter, heading time, number of 
ears per plant, number of flowers per ear, strawstiffness and resistance to Fusarium 
nivale. Tetraploid Kungs [1 had almost significantly better winter survival than the 
corresponding diploid strain. Superiority in resistance to Fusarium nivale has been 
suggested as a possible explanation for the discrepancy between frosthardiness in 
artificial freezing experiments and winter survival of diploids and tetraploids. 


INTRODUCTION 


At this institution breeding of tetraploid winter rye was initiated in 1951. A pre- 
liminary report dealing with the methods used for chromosome doubling was given 
by BRAGD9 (1955), whereas SJosETH (1958) presented results from artificial freezing 
experiments with diploid and the artificially produced tetraploid populations. Selec- 
tion experiments with tetraploid populations were started in 1954. These experiments 
are still running and they have been extended considerably during the last two years. 
The aim of these selection experiments is not only to get immediate practical results, 
but also to extract genetical information on the population structure. This paper is 
concerned mainly with the practical results reached so far. 
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MATERIAL AND METHODS 


In the autumn of 1951 six populations of winter rye (listed in table 1) were chromo- 
some-doubled by means of colchicine. Figure 1 gives the origin of the varieties. The 
figure shows that Bjorn, Wasa Il and Norsk grá originate from Scandinavian local 
varieties whilst Stâl, Kungs Il and Petkus II are derived from the German strain 
Petkus. More detailed information on the origin and properties of these strains are 
given by LJUNG (1948), TEDIN and HAGBERG (1951) and STRAND (1952). 


Fi. 1. ORIGIN OF THE VARIETIES USED 
Härmä Wasa Treider Petkus (L. von Lochow, Germany) 


(Finnish (Finnish (Norwegian 
land variety) land variety) land variety) 


Stjärn (Sv.Uts.) Petkus 1 (L. van Lochow, Germany) 
Foredlef Wasa I 


Sv. Uts.) Stâl (Sv.Uts.) 
Norsk grà 
(Farm Crop Kungs II (Sv. Uts.) 
Institute, 
Bjorn Wasa II Vollebekk, 
(Sv. Uts.) (Sv. Uts.) Norway) 


Abbreviation: Sv.Uts. — Sveriges Utsädesförening, 
Svalgv, Sweden. 


Table 1 gives the number of tetraploid plants obtained by colchicine treatment in 
1951, and the number of seeds harvested on the tetraploid plants. In the case of Wasa II 
the number of tetraploid plants was only five, which was considered as being too 
narrow a basis for a new strain. The second generation was raised in the glasshouse 
in the early spring of 1953. After germination the plants were vernalised by placing 
the flats outdoors. Later on the young seedlings were transplanted to the field for 
multiplication. The populations Bjern, Norsk grá, Stâl, Kungs II and Petkus Il were 
multiplied in isolated groups. The multiplication of these populations has continued 
in later years without artificial selection. 


TABLE 1. SURVEY OF THE CHROMOSOME-DOUBLED POPULATIONS 


No. of seeds 
8 No. of 4x plants d 
Population obtained (1951) harvested from the 


first generation 


BOE ee Di 118 
Wasa nete 5 13 
NOUS KIST AR 25 65 
STI en BEAT 15 62 
Kunssll® BARS APE 19 68 
Petlkusl na ern & IS) 60 
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In addition to the isolated groups grown in 1953, one crossing group was constituted 
by placing together plants from each of the six populations. In this group Wasa II 
was represented by 10 plants, while each of the other populations had 20 plants. The 
plants in the crossing group were allowed to intercross freely. At the harvest each 
population was kept separately. The selection experiments are based on offspring 
from this crossing group. 

Detailed information on the experimental technique will be given in connection with 
the experimental results from the individual experiments. In order to make the material 
more surveyable, table 2 lists the experiments performed. In the table C with an index 
figure indicates the generation after colchicine treatment. The treated generation is 
denoted C_. With the exception of exp. 8, the experimental design consisted of randomi- 
sed blocks in all experiments. 


EXPERIMENTAL RESULTS 


L. Selection of individual plants 1954 


In 1954 was grown one separate plot consisting of 311 to 504 plants of each of the 
six populations harvested from the crossing group in the previous year (table 4). In 
addition was grown one population of 274 plants formed by mixing an almost equal 
number of seeds from each of the six populations. This population is denoted RTS II 
(table 4). All populations were sown in a glasshouse and the seedlings transplanted to 
the field after vernalisation. Plant spacing was 20 x 40 cm. At harvest time the plants 

were pulled up with roots, cleaned for earth and air-dryed. 
JO: In the wintertime records were taken on a number of 
characters. 

The aim of the selection work was to breed strains with 
254 a high yielding capacity, good winter hardiness and short 
straw. Winter hardiness could not be selected for in the 
first year, since the plants did not overwinter in the field. 
Several of the characters recorded showed a rather skew 
distribution. As examples are shown the distribution of 
grain weight and ear number per plant of Wasa II (figures 
2 and 3). Strawlength was approximately normally distri- 
buted. 

The interrelationships between a number of characters 
have been studied. Since the breeding aims at obtaining 
strains with a high yielding capacity and with short straw, 
the correlation between these characters is of particular 
interest. The experimental lay-out 
did not allow the estimation of 
genetic correlations. The pheno- 

$ typic correlation between these 
0 5 10 characters was in all populations 
Grain weight per plant (g) _ positive and highly significant. 


Fig. 2. DISTRIBUTION OF PLANTS WITH REGARD TO GRAIN (table 3). ” 
YIELD PER PLANT (WASA II, 1954) Table 3 also contains the corre- 


247 


10 


H. WEXELSEN, K. AASTVEIT AND M. BRAGDO 


à 
<20! Neo werk ALOIS 
S “ss 
s 5 —— Observed values 
A Dn} 
A 
RE 1 IN Zo 
IS NN 
a 
RS 
10 De Ao 
es KSA 
N v 
Q 5 5 
\ IS 
IN ee 
Q ie} 
nnn) S En 
0 d /o JS Zoet) /o 20 
Mos of gars Der pedint No. of ears per plant 


Fig. 3. DISTRIBUTION OF PLANTS WITH REGARD TO FIG. 4. REGRESSION OF GRAIN WEIGHT PER PLANT 
NO. OF EARS PER PLANT (WASA II, 1954) (X0) ON NO. OF EARS PER PLANT (X) 
(WASsA 11 1954) 


lation coefficients between grain yield and number of ears per plant. The coefficients 
are all highly significant. This correlation is of interest in the selection work. A high 
correlation indicates that a fairly effective selection for grain yield per plant can be 
based on the ear number. The relationship between these characters seems to be 
almost linear. Figure 4 gives an example. On account of the skew frequency distri- 
butions, undue emphasis should not be placed on the absolute values of the corre- 
lation coefficients presented. 


TABLE 3. PHENOTYPIC CORRELATIONS BETWEEN CHARACTERS. SPACED PLANTS, 


1954 
Grain yield per plant Grain yield per plant 
Population — strawlength — No. of ears 

í r 
Kimon ne OSE OFSSn 
INOTSKS TT ARR Or OSE 
StAL Rn EN. ORS Sn ORI 
Biot en Ae ORS OTS 
Wasa ll eenn 0.62*** ONS 
Derse OTO ORS 

*P — 0.05-0.01 **P — 0.010.001 Se PEsR0:00I 


In table 4 are given the total number of plants and of selected plants in each popula- 
tion. In each population 11-14 plants were selected, in all 84 plants of a total of 2,767 
(6%). Selection was made mainly on the basis of number of grains per plant and per 
head, the latter being assumed to give an indication of fertility. In the table are given 
the mean values of populations and selected plants for a number of characters. There 
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are great differences between populations and selected plants in all characters except 
in weight of 1,000 grains, in which the differences are rather small. The selection for a 
high number of grains has resulted in a large increase in number of ears per plant and 
grain weight per plant and per head. It is noteworthy that the selection has resulted 
also in a large increase in strawlength of the selected plants. 


TABLE 4. CHARACTER MEANS OF POPULATIONS AND SELECTED PLANTS 


- 5 e EE EIN EE Seb 
El Ee Bz be ES E En ES 
ce Ee on „S em S ig Ere 5; Bo, 
5 EN ö'a Ön, KE) cR:) de, os 
5 SE 55 55 Es ö 5 Ss 38 
Z ne Za Za Va Za Üa sE 
Bjgrn, population 460 91.4 4,4 57 0.41 1352 1.80 31.4 
selected plants 14 | 1051 10.8 204 0.69 20.3 6.75 33.4 
Wasa II, population 500 81.2 4.7 52 0.38 latend IE 34.2 
sel. pl. 12 100.0 9.8 188 0.72 18.8 6.93 35.8 
Norsk grâ, population 363 95.2 Sal 71 0.44 14.0 2.26 31.6 
sel. pl. 12 105.0 | 9.5 205 0.74 DID 6.97 33.9 
Stâl, population 504 719,7 4,4 43 0.30 9,9 (ES 30.2 
sel. pl. 12 100.4 9,5 180 0.66 19.3 6.08 34.3 
Kungs II, population 3 lS 7, 4.5 33 0.24 18 1.07 3) 
sel. pl. 11 92.4 8.0 120 0.56 1525 4,24 3555 
Petkus II, population 355 81.8 6.6 71 0.40 les, 2362 34.2 
sel. pl. 12 96.6 14.3 260 0.73 18.6 10.03 38.3 
RTS II, population 274 89.3 5.9 1 0.45 13.0 2.64 34.2 
sel. pl. 11 106.6 10.4 221 0.89 2253 8.77 39.5 


2. Progeny testing of selected plants 1955 


À progeny test was carried out in 1955 on all plants selected in 1954. The progenies 
from each population were tested in separate experiments (Nos. 1-7). In these experi- 
ments the seeds were sown in flats in the glasshouse, the seedlings vernalised after 
germination and then transplanted to the experimental field. The experiment with 
progenies from the RTC II population had 8 replications while the other experiments 
had 5. Each plot consisted of one row with 12 plants. The rows were set 30 cms. 
apart and the plant distance was 20 cms. Grain yield and number of heads per plant 
were recorded. Significant differences between progenies were found for the popula- 
tions Norsk grâ, Wasa II, Kungs II and RTS IL. There was, however, no significant 
regression of the mean weight of offspring on parental weights. From the 1955 
experiments 2-5 progenies were selected from each population for further testing. 
These are later called families and are designated by the name of the population from 
which they were derived, and with a number, which refers to the plant number in 1954. 


3. Testing of selected families 1955/56 


24 families selected from the 1955 experiment plus unselected Kungs II were laid 
out in an experiment in the autumn of 1955 (exp. 8). The plot size was 2.1 m?. Over- 
wintering was very good and no significant differences between families were found. 
Table 5 gives the experimental results. 
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TABLE 5. RESULTS OF THE 1955/56 EXPERIMENT WITH SELECTED FAMILIES (EXP. 8) 


ä Pe No. of ears Fertility EON Grain weight 
Family 5 (nd per plant (G/5) 5 (kg/decare) 
| 

Wasa 11 (8 SOR 135 DAS 80 50.4 459 
Bjorn OOS: 128 DD 79 | SP) 423 
Stâál I2 nee: 129 DT 81 Se 420 
Petkus II 2293 . 134 | 2.4 80 | 54.3 | 411 
Wasa II IST Oren ten 125 255) | 76 | 5) 410 

Se ONE oare 144 | 52 | SS | Sn 402 
Bjgrn OZON 136 | DI) | 82 | aje) 397 
Kungs 11 ES Ies 132 3.0 83 52.0 | 387 
Norsk grâ 1324... | 144 | UD 80 53.9 384 
Stâl 45e 135 | 2.4 | 81 Sl 382 
RTS II Hbo en ne | 133 | 19 80 51.8 | 376 
PetkusII 2457 .. - 141 | 3.6 | 82 50.8 374 
Kungs 11 200550 en 120 Zal | UI IS 372 
Wasa II USS Sn 125 | DA 2 50.9 364 
Petkus II "235405 # 129 8) 80 Zal 360 
RTS 11 DIS OM 145 DRS | 82 51.9 360 
Kungs II (population) 121 Dl 73 51.6 | 357 
Bjorn SOZ 137 2.8 78 49.5 349 

RA GOTEN A} 138 257 83 48.1 348 
Norsk grâ 1281 ... | 137 DS) 78 45.9 344 
Stäl GOOR 41 De 79 52.4 333 
Petkus les 140 Sn 80 50.2 313 

À 25 131 | 28 77 51.2 289 
RTS [1 OSS 135 2.4 JE 50.1 270 
Norsk grâ 1423 ... | l4Í. 25 | 79 50.9 180 
Average rn Silk €) 134,2 25e 79.3 514 363 
ideeen | 70 


The table shows that there was great variation in grain yield, ranging from 180 to 
459 kg per decare (— 1,000 m?). Fertility was determined by counting the number of 
flowers and grains on the longest stem of 10 randomly selected plants from each plot. 
An analysis of variance showed a highly significant variance ratio of the family item 
for grain yield. In fertility, on the other hand, the variance for families was almost 
equal to the error variance. This result shows that the variation in grain weight 
cannot be accounted for by variation in fertility. Several differences in grain yield 
between families derived from the same populations are significant, showing that 
genetically the populations must have been highly heterogeneous with respect to this 
character. 


4. An experiment with selected families and unselected populations 1957/58 (Exp. 9) 


The five highest yielding families in exp. 8 were selected for further testing. In the 
autumn of 1957 an experiment was laid out which included these five families and in 
addition the unselected populations of Kungs II, Wasa II, Bjorn and Stâl. The seed 
of the selected families was taken from the 1955 experiment, whilst the seed used of 
Wasa I1, Bjorn and Stâl was taken from a sample composed by pooling the seed of the 
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spaced plants grown in 1954. The seed of Kungs II was from a multiplication of this 
population in isolation groups. The plot size was 4.28 m?. Within each plot one small 
plot of 0.5 m? was marked out after germination. On these small plots the number of 
plants was counted in the autumn and in the spring for determination of winter survival. 
Length of straw, ear number per plant and fertility were recorded on random samples 
of 10 plants from each plot. Table 6 gives the experimental results. 


TABLE 6. RESULTS OF THE 1957/58 EXPERIMENT (EXP. 9) WITH SELECTED FAMILIES AND UNSELECTED 


POPULATIONS 


| Winter | ____Weightof 
| hardiness | Length No. of Straw- TE 
Family | (@%sur- | of straw | earsper | Fertility | stiffness des grain 
viving (cms.) plant GA) (0-10) *) (kg/ (kg/ 
plants) | | decare) decare) 
| | 
Wasa ll 1880 | 82 145 De 74 8.8 992 SH / 
Petkus li 2293 | 70 145 1.9 7) 8.8 1,007 310 
Bjorn 995 | 69 151 2.4 71 8.0 978 294 
Wasal! 1816 | 18 148 2:5 75 8.5 902 287 
Stâl 327 | 69 140 25 69 8.5 1,001 274 
Kungs II \ Unse- | 76 139 DES 70 95 785 273 
Wasa II lected | 70 141 DD 71 9.8 831 268 
Bjorn popula- | 72 144 2.0 74 8.8 913 266 
Stâl tions 69 136 2.4 68 9.0 808 252 
Average en IE 23 zie 8.9 913 282 
Jbeealk 8 9 0.6 | 8.2 1.8 224 76 


1) 10 — without lodging. 


An analysis of variance gave a significant family item for percent. surviving plants 
and strawlength. A subdivision of the sum of squares for families in winter survival 
resulted in a significant difference between Wasa II 1880 and the mean of the residual 
8 families. Excluding Wasa 1880 there was no significant differences between the other 
families in this character. The mean strawlength of four selected families was 146 cms, 
whereas the mean of the three populations from which these four families were 
selected was 140 cms. This difference is significant at the 5 % level, showing that the 
selection for grain yield has led to an increase in strawlength. The result shows that 
the phenotypic correlation found for spaced plants in 1954 between strawlength and 
grain yield per plant at least partly must be genetic. The difference in grain yield 
between the means of selected and the corresponding unselected families was 31 kg 
per decare. This difference does not reach the 5 % level of significance (P — 0.20.05). 
Weight of grain plus straw gave a similar result. For further comparison it should be 
noted that the unselected populations of Kungs II and Wasa [1 were almost equal in 
winterhardiness and grain yield 


5. Comparison between tetraploid Kungs Ll and Wasa II 1880 


Based on the experimental results available up to 1957, only one family was selected 
for further testing, namely Wasa II 1880. This family was multiplied in 1958/59 and 
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was included in an experiment laid out in the autumn of 1959 (exp. 124). In addition 
to Wasa II 1880 this experiment included Kungs II 4 x, Kungs IL 2 x and two winter 
wheat varieties. Diploid Kungs II was cut before flowering, and was included for 
comparison of winterhardiness of diploids and tetraploids (see later). All together we 
have data from three years, in which tetraploid Kungs Il and Wasa II 1880 have been 
compared in the same experiment. In the 1955/56 experiment (exp. 8) wintersurvival 
was determined only by visual judgement. Winter survival was as a whole very good 
in this experiment and as mentioned before, family differences of any significance were 
not found. Table 7 gives the mean values for percent. surviving plants over two years 
and the mean values for yield over three years. 


TABLE 7. COMPARISON BETWEEN TETRAPLOID KUNGs II AND WASA II 1880 


Per cent. surviving plants Grain yield per decare 
Family 
1957/58 | 1959/60 | Average | 1955/56 | 1957/58 | 1959/60 | Average 
Kungs II (4x) 72 43 SS) 357 273 422 351 
Wasa II 1880 (4x) 84 51 67.5 459 317 532 436 
Difference ) 8 10.0 102 44 110 85 
Significance level 
of difference u N.S. Di ale N.S. EN 
0.10.05 


N.S. = not significant. 


Averaged over two years Wasa II 1880 had 10% better winter survival than Kungs 
II 4x. The difference is almost significant at the 5 % level. In the analysis of variance 
the angular transformation of percentage data has been applied. Averaged over three 
years Wasa II 1880 gave 85 kg higher grain yield per decare than Kungs1l4x. This 
difference is significant at the 5 % level. In this connection it is interesting to note that 
the original diploid Wasa II was inferior to diploid Kungs II in yielding capacity. 
STRAND (1952) has published experimental results where these two strains were com- 
pared in 26 trials during the years 1939/40 to 1949/50 in the South Eastern part of 
Norway. Averaged over all trials Kungs Il gave 250 kg per decare while the average 
yield of Wasa Il was 234 kg. The difference is significant at the 1 % level (calculated by 
the authors). According to STRAND (L.c.) the two strains were almost equal in winter 
survival. 


6. Comparison between diploids and tetraploids 


When grown side by side diploid and tetraploid rye intercross, and the intercrossing 
affects fertility, especially in the tetraploids (cf. MÜNTZING, 1951; HAGBERG and 
ELLERSTROM, 1959). The two categories can therefore not be compared in the same 
experiment for yielding capacity and grain characters. For the majority of other 
characters comparison in the same experiment should not be invalidated. Winter 
survival of the unselected populations of diploid and tetraploid Kungs II have been 
compared in four experiments (Nos. 10, 11, 12a and an experiment not further 
reported here). The mean values obtained in these four experiments are given below: 
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Kungs II (2x) Kungs II (4x) Diff. 
1957/58 83.3 87.3 4.0 
1957/58 97.7 99,3 1.6 
1958/59 47.5 49.8 DS 
1959/60 33.0 43.0 10.0 
Average 65.4 69.9 4.5 


The figures show that the tetraploid in all years had a higher percentage of surviving 
plants. The difference (4.5 %) is almost significant at the 5% level (P — 0.1-0.05). 
Wasa [1 1880 has been compared with diploid Kungs II in one experiment (No. 124). 
In that experiment the difference was 18 % in favour of Wasa II 1880, which is signifi- 
cant. Figure 5 illustrates the difference. 

In exp. 12a there was a heavy attack of Fusarium nivale. The damage caused by this 
fungus was judged by using a scale from 0 to 10, on which 0 indicates completely killing 
of all plants and 10 no damage. The following mean values were obtained: 


Kune ii(2s) aen 205 
Kungs (A) enn 450 
Wasall 1880 (4x) . . 8.0 


All differences are highly significant. The figures show clearly that diploid Kungs II 
suffered more from the attack than did tetraploid Kungs 11. 

In 1957/58 unselected populations of diploid and tetraploid Kungs Il and Norsk 
grâ were compared in the same experiment (exp. 10). The experiment was hand-sown 
by means of marking boards. Each plot had four rows of 17 plants. The rows were 
set 12.5 cms. apart and the plant distance was 9 cms. Table 8 gives the experimental 
results. 


TABLE 8. COMPARISON BETWEEN DIPLOID AND TETRAPLOID KUNGs IL AND NORSK GR. HANDSOWN 
EXP. 1957/58 (Exp. 10) 


Kungs II Norsk grâ Significance 
Character level of diff. 
DX 4x De 4x 2x—AX 

Sttawlenethiems.)mnnn 126 133 154 147 N:S: 
Strawdiameter (mms.) . . .. 4.40 DZD 4,47 544 | Dn 
Heading time (days) .. . ….. 8.0 9.0 787 Sn SR 
Ripening time (days). . . .. 1235 13.0 1283 13.0 N.S. 
INomohkearsperplantes. 8.1 6.3 6.2 53) ee 
No. of flower per main stem … 65.5 SARI 662 61.3 in 
SLTANWS EAI ESS Wer 10.0 9.7 SP 8.0 ES: 


In the analysis of variance the sum of squares for families has been subdivided into 
three components, one for the difference between Kungs Il and Norsk grâ, one for 
the effect of ploidy and one due to inequality of the difference between 2 x and 4 x in 
Kungs II and Norsk grâ. The latter component was significant only for strawstiffness. 
Table 8 shows that the difference in strawlength between diploids and tetraploids was 
not significant. The tetraploids had a thicker straw while the diploids were slightly 
earlier. The diploids were superior in number of ears per plant and number of flowers 
per main stem, whereas the tetraploids had the best strawstiffness. 
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It is difficult to compare the yielding capacity of diploid and tetraploid rye, since the 
two categories cannot be compared in the same trial. One possible way, although not 
necessarily the best, is to compare the diploids and tetraploids in relation to winter 
wheat standards. Data are available from three years in which diploid and tetraploid 
Kungs II have been grown in the same trials as Virtus winter wheat. The data for 
trials with diploid Kungs II and Virtus in the years 1957/58 and 1958/59 have been 
provided by the Farm Crop Institute, Vollebekk. Table 9 gives the results. 


TABLE 9. COMPARISON BETWEEN DIPLOID AND TETRAPLOID KUNGS II WITH RESPECT TO YIELDING 
CAPACITY (GRAIN YIELD) 


Trials with 2x Kungs II Trials with 4x Kungs [1 
Year | Virtus Kungs II Kungs II Virtus Kungs II Kungs II 
winter wheat (2x) relative winter wheat (4x) relative 
kg/decare kg/decare to Virtus kg/decare kg/decare to Virtus 
1957/58 304 422 1.39 287 315 1.10 
1958/59 358 447 1229 380 331 0.87 
1959/60 103 SDS 3.47 30 422 14.07 
| | 
Average 255 409 1.60 232 356 1553 


The data indicate that there is no great difference in yielding capacity between 
diploid and tetraploid Kungs 11. But more extensive data are needed before reliable 
conclusions can be drawn. 

Data on the fertility of diploid and tetraploid Kungs 1 grown in different experi- 
ments are available for two years, 1958 and 1959. The figures obtained are given in 
table 10. 


TABLE 10. DATA ON THE FERTILITY OF DIPLOID AND 
TETRAPLOID KUNGs II 


Per cent. seed set 
1958 | 1959 | Average 
Kungs (2x) | 69 | 85 77.0 
Kungs II (4x) 63 | 74 68.5 


Averaged over years the tetraploid had a seed set which was approximately 11 % 
lower than in the corresponding diploid. MÜNTZING (1951) concluded that “seed 
setting in tetraploid Steel-rye is about 20 or possibly 25 per cent lower than in diploid 
Steel-rye””. The reduction in our material seems to be smaller under the prevailing 
conditions. 

The fertility was also determined in experiment 10 (1958), in which diploids and 
tetraploids were grown in the same experiment. The values obtained are: 


Kungs II (4x) . . . . 39 per cent. seed set 


Kan SSM (2) ze E 
Norsk grâ (4x). . . . 40 ee 5 
INOLSKSOT ANO PGS kj er 
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Comparing these figures with the figures given above for 1958 we see that there is 
no reduction in the fertility of diploid Kungs II. The fertility of tetraploid Kungs II, 
on the other hand, is reduced with 24 per cent. when exposed to haploid pollen. 


DISCUSSION 


Winter hardiness, yielding capacity, strawlength, strawstiffness, earliness and quality 
properties are the most important characters of the winter cereals under Norwegian 
conditions. The breeding of polyploids, as well as all other breeding, aims at improve- 
ment in one or more of these characters. Our data for comparisons between diploid 
and tetraploid rye are rather limited. But as far as they go, they indicate that the 
differences in strawlength and earliness are small and without significance. The tetra- 
ploids have a thicker straw and seem also to posses a better strawstiffness. SJosETH 
(1957) showed that the tetraploids are inferior in frost hardiness in artificial freezing 
experiments. This does, however, not necessarily mean that the tetraploids are 
inferior in winter survival under field conditions. Our experience with diploid and 
tetraploid Kungs II points in the direction of a better winter survival of the tetraploids. 
It has been shown that in an experiment with poor winter survival tetraploid Kungs 11 
was significantly less attacked by Fusarium nivale than the corresponding diploid. This 
may explain the disagreement between results from artificial freezing experiments and 
winter survival under field conditions. A better resistance to fungal diseases of the 
tetraploids is not uncommon. As an example is to be mentioned that VesTAD (1960) 
found that tetraploid red clover had a significantly higher resistance to Sclerotinia 
trifoliorum than the corresponding diploids. 

The records presented also show that the original populations of tetraploid rye 
must have been very heterozygous for genes controlling characters of economic 
importance. Taking into account the great environmental influence on characters like 
winter survival and grain yield, the response obtained to selection is great. How far 
the response is related to the ploidy level cannot be assessed at the present stage. 
Finally it may be concluded that although the fertility is reduced in the tetraploids, it 
can be compensated by improvement in other sub-characters of grain yield, and does 
not seem to be an absolute limitation for improvement in the yielding capactiy of 
tetraploid rye. 
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NEWS ITEMS 


Dr. Ir. J. BEKENDAM took a position of plant Ir. N. VAN SUCHTELEN, Phytopathologist, 


breeder at D. J. van der Have, Royal Plant 
Breeding Station, Rilland Bath, The Netherlands. 
His task will be sugar beet, onion and grass 
breeding. 


Ir. K. HOEN, working at the Foundation for 
Agricultural Plant Breeding at Wageningen, has 
been appointed plant breeder at the Agricultural 
Research Institute, Wagga, N.S.W., Australia. 


REVIEWS OF BOOKS 


formerly working at the Agricultural Experiment 
Station, Paramaribo, Surinam, joined the staff 
of the Foundation for Agricultural Plant Breed- 
ing, Wageningen, The Netherlands. He will be in 
charge of research on breeding for resistance to 
Phytophthora in potatoes. 


Beiträge zur Rübenforschung 5 (1960) 74 pp., 14.50 DM. Akademie-Verlag, 


Berlin. 


No. 5 contains the following articles (with summaries in English): 


WöHreErT, W., Juice polarization for serial examinations in sugar beet breeding. 
FISCHER, H. E. and SCHNEIDER, H., Sources of errors in the examination of polyploid 


beet seed. 


CURTH, P. and FÜRSTE, F., A testing method under glass to breed for bolting resistance 


in sugar beets. 


SCHNEIDER, H., Cluster size, germination and genome stage of polyploid sugar beets. 
CURTH, P., Experiences with lighting aggregates in beet breeding. 
Röster, H. J., Reducing the minimum germination temperature of sugar beets by 


breeding measures. 
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Fig. 5. DIFFERENCES IN WINTERSURVIVAL. NOTE THE GREAT DIFFERENCE BETWEEN KUNGS 
IH (K II, 2x) AND Wasa II 1880 (W II 1880, 4x). Kungs II (4X) TO THE LEFT. 
PHOTOGRAPH TAKEN IN THE SPRING OF 1960 


de NA, 


, 
7 
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REVIEWS OF BOOKS 


EAMES, ARTHUR J., Morphology of the Angiosperms. McGraw-Hill, London. 
1961, 518 pp., 148 figs. Price £ 5 4s 6d. 


In this textbook the author has attempted to cover recent world-wide research on 
the morphology of the angiosperms. The viewpoint of the text is comparative rather 
than descriptive morhology. It emphasizes evolutionary modifications and phyletic 
implications. 

This new book is intended to provide teachers and advanced students of botany a 
present-day picture of its field. It contains many references. 


HEINIsCH, O., Die Zuckerrübe. Ihre Bedeutung im Verlaufe der Entwicklung zur 
neuen Kulturpflanze und Rohstoffpflanze für die Zuckererzeugung. (The sugar 
beet. Its significance for developing a new cultivated plant as raw material for sugar 
production). Akademie Verlag. Berlin. 1960. 94 pp., 43 figs. Price 9.50 D.M. 


The author gives a survey of the history of the sugar beet as a cultivated plant. 
The second part gives an impression of the breeding objectives supported by various 
good illustrations. 


HOGEN EscH, J. A., NIJDAM, F. E. and SIEBENEICK, H., Dutch Potato Atlas. 
Veenman & Zonen N.V., Wageningen. 1955. Sh. 69/—or U.S. $ 9.50. 


In this Atlas have been recorded all the characteristics of each variety which research 
and practical experience have shown to be important. 

With the exception of some less important older varieties and a few varieties only 
recently introduced, the 46 varieties described and illustrated in the Potato Atlas 
include all those of which Dutch-grown seed is available. 

It is proposed to issue each year supplements covering new introductions appearing 
in the Netherlands Descriptive List of Varieties of Field Crops. 

The first Supplementary pages give descriptions and coloured plates of the varieties 
Climax, Majestic, Maritta, Prefect and Tedria. 

H. Veenman & Zonen N.V., Wageningen. 1957. f 6.75 or $ 2—. 

The second Supplementary pages of the Dutch Atlas give descriptions and coloured 
plates of the varieties Ambassadeur, Avenir, Burmania, Kwinta, Luctor, Meerster, 
Pionier and Rival. H. Veenman & Zonen N.V., Wageningen. 1959. f 11.25 or $ 3 —. 

The third Supplementary pages of the Dutch Atlas give descriptions and coloured 
plates of the varieties Aristo, Asoka, Dekama, Harli, Herkol, Pandora, Patrones and 
Remona. H. Veenman & Zonen N.V., Wageningen. 1961. f 11.25 or $ 3 —. 


LINSKENS, H. F. und STANGE, L., Praktikum der Papierchromatographie. An- 
leitung zu Übungen in der Papierchromatographischen Untersuchung Pflanzlicher 
Inhaltsstoffe. Springer-Verlag, Berlin — Göttingen — Heidelberg. 1961. 50 pp., 9.80 
D.M. 


This booklet in “pocket” size on paper-chromatography applied to investigations 
concerning plant bio-chemistry is also important for research workers in the field 
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of plant breeding and for practical plant breeders. In many cases the method can be 
used for series examinations since it is simple and inexpensive. 
The booklet is well illustrated. 


NUERNBERGK, E. L., Kunstlicht und Pflanzenkultur. BLV Verlagsgesellschaft 
München, Bonn, Wien. 1961, 312 pp. 113 figs. DM 69 —. 


In breeding research and in developing new varieties more and more use is made of 
artificial light. This is particularly the case during the winter months. In horticulture 
artificial light has been widely applied. In storehouses of seed potatoes it is also 
generally used. 

In his book “Kunstlicht und Pflanzenkultur”” Nuernbergk describes the influence 
of light on plant growth. In particular the technique of artificial illumination is 
treated. In the second part (page 181-289) many plants are mentioned separately 
while known facts about the influence of artificial light are described. 

The book is well finished and based on the international literature. 


ZIMMERMAN, K. F., Praktische Pflanzenzüchtung. VEB Gustav Fischer Verlag, 

Jena. 1961, 231 pp. 18.30 DM. 

This book on practical plant breeding is destined for breeders, their technical 
assistants and for students. It is encouraging to establish that the theory of socialism 
has had no influence in explaining the methods used in plant breeding. 

In all German-speaking countries this book will be a rich source of information. 
The author gives a good general survey while in separate chapters attention is drawn 
to the development and organization of plant breeding in the D.D.R. 

This book seems very suitable for self-study. 
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The Indian Journal 
of Genetics 
and Plant Breeding 


Official publication of The Indian Society of Genetics and Plant Breeding 


Founded in 1941. Contains articles on subjects of interest to the Plant 
breeders on genetics, cytology, plant breeding methods, biometrical studies, 
crop improvement work in India, reviews of present state of knowledge in 
important fields, etc. 


Vol. 20 (1960) contains among others original articles on: 


The origin of rice, pachytene analysis in rice, genetics of rust resistance in 
wheat, chromosome pairing in Solanum, cytology and origin of coconut, 
inheritance of quantitative characters in linseed, morphological and cyto- 
logical effects of P32 and S35 in plants, etc. 


Published three times a year in volumes of about 250 pages. There was only 
one issue in 1941 and two issues per annum till 1959. Vol. 21 appears in 1961. 
The subscription rate in Rs. 20/- per year (inclusive of postage). Backnum- 
bers of some of the volumes are still available. 


Address all communications on Editorial matters to Dr. B. P. PAL, Director, 
LA.R.L, New Delhi-12, (India) and on business matters to the Secretary/ 
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